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1. 

SUBSTITUTED 2-AZA-BICYCLO2.2.1 
HEPTANE-3-CARBOXYLIC ACID 

(BENZYL-CYANO-METHYL)-AMIDES 
INHIBITORS OF CATHEPSINC 

FIELD OF INVENTION 

This invention relates to substituted 2-Aza-bicyclo[2.2.1 
heptane-3-carboxylic acid (benzyl-cyano-methyl)-amides of 
formula 1 

N 

and their use as inhibitors of Cathepsin C, pharmaceutical 
compositions containing the same, and methods of using the 
same as agents for treatment and/or prevention of diseases 
connected with dipeptidyl peptidase I activity, e.g. respiratory 
diseases. 

BACKGROUND INFORMATION 

WO2004110988 discloses peptidyl nitrile inhibitors as 
dipeptidyl-peptidase I (DPPI) inhibitors for the treat 
ment of a series of diseases. 

WO2009074829 and WO2010 142985 also disclose pepti 
dyl nitrile inhibitors as dipeptidyl-peptidase I (DPPI) 
inhibitors for the treatment asthma, COPD or allergic 
rhinitis. 

BRIEF SUMMARY OF THE INVENTION 

Dipeptidyl-aminopeptidase I (DPPI or Cathepsin C: 
EC3.4.141), is a lysosomal cysteine protease capable of 
removing dipeptides from the amino terminus of protein Sub 
strates. DPPI was first discovered by Gutman and Fruton in 
1948 (J. Biol. Chem. 174: 851-858, 1948). The cDNA of the 
human enzyme has been described in 1995 (Paris et al.; FEBS 
Lett369: 326-330, 1995). The DPPI protein is processed into 
a mature proteolytically active enzyme consisting of a heavy 
chain, a light chain, and a propeptide that remains associated 
with the active enzyme (Wolters et al.; J. Biol. Chem. 273: 
15514-15520, 1998). Whereas the other cysteine Cathepsins 
(e.g. B. H. K, L and S) are monomers, DPPI is a 200-kD 
tetramer with 4 identical subunits, each composed of the 3 
different polypeptide chains. DPPI is constitutively 
expressed in many tissues with highest levels in lung, kidney, 
liver and spleen (Kominami et al.; Biol. Chem. Hoppe Seyler 
373: 367-373, 1992). Consistent with its role in the activation 
of serine proteases from hematopoetic cells, DPPI is also 
relatively highly expressed in neutrophils, cytotoxic lympho 
cytes, natural killer cells, alveolar macrophages and mast 
cells. Recent data from DPPI deficient mice suggest that, 
besides being an important enzyme in lysosomal protein deg 
radation, DPPI also functions as the key enzyme in the acti 
Vation of granule serine proteases in cytotoxic T lymphocytes 
and natural killer cells (granzymes A and B: Pham et al.; Proc. 
Nat. Acad. Sci. 96: 8627-8632, 1999), mast cells (chymase 
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2 
and tryptase; Wolter et al.; J. Biol. Chem. 276: 18551-18556, 
2001), and neutrophils (Cathepsin G, elastase and proteinase 
3: Adkison et al.; J. Clin. Invest. 109: 363.371, 2002). Once 
activated, these proteases are capable of degrading various 
extracellular matrix components, which can lead to tissue 
damage and chronic inflammation. 

Thus, inhibitors of Cathepsin C could potentially be useful 
therapeutics for the treatment of neutrophil-dominated 
inflammatory diseases such as chronic obstructive pulmonary 
disease (COPD), pulmonary emphysema, asthma, multiple 
sclerosis, and cystic fibrosis (Guay et al.: Curr. Topics Med. 
Chem. 10: 708–716, 2010; Laine and Busch-Petersen; Expert 
Opin. Ther. Patents 20: 497-506, 2010). Rheumatoid arthritis 
is also another chronic inflammatory disease where DPPI 
appears to play a role. Neutrophils are recruited to the site of 
joint inflammation and release Cathepsin G, elastase and 
proteinase 3, proteases which are believed to be responsible 
for cartilage destruction associated with rheumatoid arthritis. 
Indeed, DPPI deficient mice were protected against acute 
arthritis induced by passive transfer of monoclonal antibodies 
against type II collagen (Adkison et al.; J. Clin. Invest. 109: 
363.371, 2002). 

In light of the role DPPI plays in activating certain pro 
inflammatory serine proteases, it seems desirable to prepare 
compounds that inhibit its activity, which thereby inhibit 
downstream serine protease activity. It has been Surprisingly 
found that the bicyclic compounds of the present invention 
possess potent Cathepsin C activity, high selectivity against 
other Cathepsins, e.g. Cathepsin K, and in general desirable 
pharmacokinetic properties. 

DETAILED DESCRIPTION OF THE INVENTION 

A compound of formula 1 

(R)- H. N 
2 a 

N 
R3 

O NSy 
-R 

4. 
R4 

wherein 
R" is independently selected from H. Co-alkyl-, halogen, 
HO—, C-alkyl-O-, HN , C-alkyl-HN- and 
(Co-alkyl)-N-, C-alkyl-C(O)HN-; 

or two R' are together Cla-alkylene; 
R’ is selected from 

R2.1; 
aryl-, optionally substituted with one, two or three residues 

independently selected from R', optionally substituted 
with one R’; 

Cs-o-heteroaryl-, containing one, two, three or four het 
eroatoms independently selected from S. S(O), S(O), O 
and N, wherein carbon atoms of the ring are optionally 
and independently from each other substituted with one, 
two or three R'; wherein nitrogenatoms of the ring are 
optionally and independently from each other Substi 
tuted with one, two or three Rif; wherein a carbonatom 
of the ring is optionally substituted with one R; a 
nitrogen atom of the ring is optionally Substituted with 
one R'; and 
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Cs-o-heterocyclyl-, containing one, two, three or four het 
eroatoms independently selected from S.S(O), S(O), O 
and N, wherein the ring is fully or partially saturated, 
wherein carbon atoms of the ring are optionally and 
independently from each other substituted with one, two 
or three or four R'; wherein nitrogenatoms of the ring 
are optionally and independently from each other Sub 
stituted with one, two or three Rif; wherein a carbon 
atom of thering is optionally substituted with one Rior 
one Rif; a nitrogen atom of the ring is optionally sub 
stituted with one R' or 

RandR are together with two adjacent carbon atoms of 
the phenyl ring a 5- or 6-membered aryl or heteroaryl, 
containing one, two or three heteroatoms independently 
selected from S. S(O), S(O), O and N, wherein carbon 
atoms of the ring are optionally and independently from 
each other substituted with one, two or three R': 
wherein nitrogen atoms of the ring are optionally and 
independently from each other substituted with one, two 
or three R’’: 

R" is independently selected from among H. halogen, 
NC O—, HO , H-A-, H-A-C-alkylene-, R''- 
A-, C-alkyl-A-, Cs-cycloalkyl-A-, C-haloalkyl 
A-, R'' Co-alkylene-A-, Co-alkyl-A-C-alky 
lene-, Cs-cycloalkyl-A-C-alkylene-, C-6- 
haloalkyl-A-Co-alkylene-, R''-Co-alkylene-A- 
Co-alkylene-, R''-A-C-alkylene-, HO Co 
alkylene-A-, HO—C-alkylene-A-C-alkylene-, 
Co-alkyl-O-C-alkylene-A- and C-alkyl-O- 
C-alkylene-A-C-alkylene-: 
R''' is independently selected from 

aryl- optionally substituted independently from each 
other with one, two or three R-''': 

Cs-o-heteroaryl-, containing one, two, three or four 
heteroatoms independently selected from S. S(O), 
S(O), O and N, wherein carbon atoms of the ring 
are optionally and independently from each other 
substituted with one, two or three R''': wherein 
nitrogen atoms of the ring are optionally and inde 
pendently from each other substituted with one, 
two or three R''': 

Cs-o-heterocyclyl-, containing one, two, three or 
four heteroatoms independently selected from S. 
S(O), S(O), O and N, wherein the ring is fully or 
partially saturated, wherein carbon atoms of the 
ring are optionally and independently from each 
other substituted with one, two or three or four 
R''': wherein nitrogen atoms of the ring are 
optionally and independently from each other Sub 
stituted with one, two or three R''': 

R''' is independently selected from among halogen, 
HO—, O—, C-alkyl-, C-alkyl-O-, C-ha 
loalkyl-, C-haloalkyl-O- and Cs-cycloalkyl-, 

R*''' is independently selected from among O—, 
Co-alkyl-, C-haloalkyl-, Cas-cycloalkyl-, Co 
alkyl-O-C-alkyl-, H(O)C , C-alkyl-(O)C , 
tetrahydrofuranylmethyl- and tetrahydropyranylm 
ethyl-, 

R’ is independently selected from among H-A-C-alky 
lene-, Cs-cycloalkyl-, C-alkyl-A-C-alkylene-, 
Cs-cycloalkyl-A-C-alkylene-, C-haloalkyl-A- 
Co-alkylene-, R''-A-C-alkylene-, Co-alkyl-S 
(O) , C-alkyl-C(O)—and R''-A-; 

R° and R are together selected from among —O , 
—S—, N(R') , C(O)N(R:) , N(R2-1) 
C(O) , S(O)N(R:) , N(R')S(O) , 
C(O)O , OC(O) , C(O) , S(O) , 
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4 
—S(O) , R2.3, R2.3, C(R) C(R) , 
-C=N , – N=C , —C(R)-O-, -O-C 
(R:) , C(R22)N(R2.) , N(R2.3.1)C 
(R)- and —Cla-alkylene 
R°' is independently selected from among H. C.- 

alkyl-, C-haloalkyl-: Cs-cycloalkyl-, HO—C- 
alkylene-, (C-alkyl)-O-C-alkylene-, HN 
C -alkylene-, (C-alkyl)HN-C-alkylene- and, 
(C-alkyl)-N-C-alkylene-: 

R’’ is independently selected from among H. Co 
alkyl-, C-haloalkyl-: Cs-cycloalkyl-, HO—C- 
alkylene-, (C-alkyl)-O-C-alkylene-, HN 
C-alkylene-, (C-alkyl)HN C-alkylene- and 
(C-alkyl)-N-C-alkylene-: 

R" and R are together selected from among 
N(R:) , C(O)N(R') , N(R')C(O) , 

- S(O)N(R') , N(R')S(O), , C(O) , 
S(O) , S(O) C(R)=C(R) , 
C–N N–C , C(R)N(R') , 
N(R')C(R) and C-alkylene-; and 

R'' is independently selected from H. Co-alkyl-, 
Cle-haloalkyl-: Cs-cycloalkyl-, HO—C-alky 
lene-, (C-alkyl)-O-C -alkylene-, HN-C- 
alkylene-, (C-alkyl)HN C-alkylene-, (C- 
alkyl)-N-C-alkylene-: 
R“ is independently selected from H. Co-alkyl-, 

C-haloalkyl-: Cs-cycloalkyl-, HO—C-alky 
lene-, (C-alkyl)-O-C-alkylene-, HN C 
alkylene-, (C-alkyl)HN C-alkylene- and 
(C-alkyl)-N-C-alkylene-: 

R° and R are together selected from C(R'')=, 
=C(R:) - and N—; and 
R’ is independently selected from H. Co-alkyl-, 

Cle-haloalkyl-: Cs-cycloalkyl-, HO—C-alky 
lene-, (C-alkyl)-O-C-alkylene-, HN C 
alkylene-, (C-alkyl)HN C-alkylene- and 

Ri Sialkyl)-N-C-alkylene 1S F1 or F: 
R" is independently selected from F, Cl, phenyl-HC O , 
HO—, C-alkyl-, C-haloalkyl-, Cs-cycloalkyl-, 
Co-alkyl-O-, C-haloalkyl-O-, C-alkyl-HN-, 
(Co-alkyl)-HN , C-alkyl-HN C-alkylene- and 
(Co-alkyl)-HN C-alkylene-: 

A is a bond or independently selected from —O— —S—, 
-N(R)-, -C(O)N(R)-, - N(R)C(O) , S(O)N 
(R) , N(R)S(O), , S(O)(—NR) N(R) , 
N(R)(NR—)S(O) , S(—NR). N(R) , 

-N(R)(NR—)S , C(R)=C(R) -, -C=C-, 

and N=(O)(R)S : 
R is independently selected from H, C-alkyl- and NC : 
or a salt thereof. 

PREFERRED EMBODIMENTS 

Preferred are the above compounds of formula 1, wherein 
R" is R'" and R'" is independently selected from H. C.- 
alkyl-, F and HO . 

Preferred are the above compounds of formula 1, wherein 
R is R'' and R is H. 

Preferred are the above compounds of formula 1, wherein 
R" is R'' and two R' are together —CH2—, 

Preferred are the above compounds of formula 1, wherein 
R’ is R- and R2 is R''. 
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Preferred are the above compounds of formula 1, wherein 
R2 is R2- and R2- is R2:.. 

Preferred are the above compounds of formula 1, wherein 
R’ is R* and R is aryl-, optionally substituted with one, 
two or three residues independently selected from R'; 
optionally substituted with one R. 

Preferred are the above compounds of formula 1, wherein 
R is RandR is phenyl: optionally substituted with one, 
two or three residues independently selected from R'; 
optionally substituted with one R. 

Preferred are the above compounds of formula 1, wherein 
R is RandR is phenyl: optionally substituted with one, 
two or three residues independently selected from R' and 
R’ is R'' and R'" is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-C-alkylene-, R*''-A-, Ca 
alkyl-A-, Co-cycloalkyl-A-, C-a-haloalkyl-A-, R'— 
C-alkylene-A-, Ca-alkyl-A-C-alkylene-, C-cy 
cloalkyl-A-C-alkylene-, Ca-haloalkyl-A-C- 
alkylene-, R'' C-alkylene-A-C-alkylene-, R''- 
A-Ca-alkylene-, HO—C-alkylene-A-, HO—Ca 
alkylene-A-C-alkylene-, C-alkyl-O-C-alkylene 
A- and C-alkyl-O-C-alkylene-A-C-alkylene-: 
and 

R'' is R'''“ and R*''' is selected from 
aryl-, optionally Substituted independently from each 

other with one, two or three residues independently 
selected from R*''': 

Cs-o-heteroaryl-, containing one, two, three or four het 
eroatoms selected independently from S. S(O), S(O), 
O and N, wherein carbonatoms of the ring are option 
ally and independently from each other substituted 
with one, two or three R''': wherein nitrogen 
atoms of the ring are optionally and independently 
from each other substituted with one, two or three 
R2.1.1.2, 

Cs-o-heterocyclyl-, containing one, two, three or four 
heteroatoms selected independently from S. S(O), 
S(O), O and N, and the ring is fully or partially 
saturated, wherein carbon atoms of the ring are 
optionally and independently from each other Substi 
tuted with one, two or three R*''': wherein nitrogen 
atoms of the ring are optionally and independently 
from each other substituted with one, two or three 
R?'', and 

R''' is independently selected from halogen, HO , 
O—, C-alkyl-, Ca-alkyl-O-, Ca-haloalkyl-, Ca 
haloalkyl-O- and C-cycloalkyl-, and 

R'' is independently selected from O—, C-alkyl-, 
Ca-haloalkyl-, C-cycloalkyl-, C-alkyl-O-Ca 
alkyl-, H(O)C , C-alkyl-(O)C , tetrahydrofura 
nylmethyl- and tetrahydropyranylmethyl. 

Preferred are the above compounds of formula 1, wherein 
R’ is R* and R-8 is selected from 
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-continued 

M 
S N 

N 
e 21 e 

NH, s 

S. S. NN M 

21N2N N 

M and lu 
wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three R'; 
wherein possibly available nitrogen atoms of the ring are 
optionally and independently from each other substituted 
with R’’; and 
R’ is R'' and R'" is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-C-alkylene-, R''-A-, Ca 
alkyl-A-, Co-cycloalkyl-A-, C-a-haloalkyl-A-, R''— 
C-alkylene-A-, Ca-alkyl-A-C-alkylene-, C-cy 
cloalkyl-A-C-alkylene-, Ca-haloalkyl-A-C- 
alkylene-, R'' C-alkylene-A-C-alkylene-, R''- 
A-Ca-alkylene-, HO—C-alkylene-A-, HO—Ca 
alkylene-A-C-alkylene-, C-alkyl-O-C-alkylene 
A- and C-alkyl-O-C-alkylene-A-C-alkylene-: 
and 
R°'' is R''' and R*''' is selected from 

aryl-, optionally Substituted independently from each 
other with one, two or three residues independently 
selected from R''': 

Co-heteroaryl-, containing one, two, three or four het 
eroatoms selected independently from S. S(O), S(O), 
O and N, wherein carbonatoms of the ring are option 
ally and independently from each other substituted 
with one, two or three R'': wherein nitrogen atoms 
of the ring are optionally and independently from 
each other substituted with one, two or three R''': 
and 

Co-heterocyclyl-, containing one, two, three or four 
heteroatoms selected independently from S. S(O), 
S(O), O and N and the ring is fully or partially satu 
rated, wherein carbonatoms of the ring are optionally 
and independently from each other substituted with 
one, two or three R'': wherein nitrogenatoms of the 
ring are optionally and independently from each other 
substituted with one, two or three R''': and 

R°''' is independently selected from halogen, HO , 
O—, C-alkyl-, Ca-alkyl-O-, Ca-haloalkyl-, Ca 
haloalkyl-O- and C-cycloalkyl-, and 

R''' is independently selected from O—, C-alkyl-, 
Ca-haloalkyl-; Co-cycloalkyl-, C-alkyl-O-Ca 
alkyl-, H(O)C , C-alkyl-(O)C , tetrahydrofura 
nylmethyl- and tetrahydropyranylmethyl; and 

R’ is R* and R’ is independently selected from H-A- 
C-alkylene-, C-cycloalkyl-, C-alkyl-A-C-alky 
lene-, C-cycloalkyl-A-C-alkylene-, Ca-haloalkyl 
A-Ca-alkylene-, R''-A-Ca-alkylene-, Ca-alkyl-S 
(O) and C-alkyl-C(O) , R. ''-A-. 
Preferred are the above compounds of formula 1, wherein 

R’ is RandR is Cse-heteroaryl-, containing one, two, 
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three or four heteroatoms independently selected from S. 
S(O), S(O), O and N, wherein carbon atoms of the ring are 
optionally and independently from each other substituted 
with one, two orthreeR', wherein nitrogenatoms of thering 
are optionally and independently from each other substituted 
with one, two or three Rif; wherein a carbonatom of the ring 
is optionally substituted with one R; a nitrogenatom of the 
ring is optionally substituted with one R. 

Preferred are the above compounds of formula 1, wherein 
R is R and R is bicyclic Co-heteroaryl-, each contain 
ing one, two, three or four heteroatoms independently 
selected from S. S(O), S(O), Oand N, wherein carbonatoms 
of the ring are optionally and independently from each other 
substituted with one, two or three R'; wherein nitrogen 
atoms of the ring are optionally and independently from each 
other substituted with one, two or three Rif; whereina carbon 
atom of the ring is optionally substituted with one Ri: a 
nitrogen atom of the ring is optionally Substituted with one 
R2-4. 

Preferred are the above compounds of formula 1, wherein 
R’ is R* and R-8 is selected from 

G. C. C. C. 
N 

y ). 
S N 

N 

), n) NH, s O CO 

wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three R'; 
wherein possibly available nitrogen atoms of the ring are 
optionally and independently from each other substituted 
with Rif; wherein a carbon atom of the ring is optionally 
substituted with one R; a nitrogen atom of the ring is 
optionally substituted with one R' 

Preferred are the above compounds of formula 1, wherein 
R is R' and R is selected from pyrazole, thiophene and 
furane, wherein carbon atoms of the ring are optionally and 
independently from each other substituted with one, two or 
three R'; wherein possibly available nitrogen atoms of the 
ring are optionally and independently from each other Sub 
stituted with Rif; whereina carbonatom of thering is option 
ally substituted with one R; a nitrogen atom of the ring is 
optionally substituted with one R. 

Preferred are the above compounds of formula 1, wherein 
R’ is R* and R’ is selected from C-heterocyclyl- and Co 
heterocyclyl-, each containing one, two, three or four heteroa 
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8 
toms independently selected from S. O and N and the ring is 
fully or partially Saturated, wherein carbon atoms of the ring 
are optionally and independently from each other substituted 
with one, two orthreeR', wherein nitrogenatoms of thering 
are optionally and independently from each other substituted 
with one, two or three Rif; wherein a carbonatom of the ring 
is optionally substituted with one R or one R; a nitrogen 
atom of the ring is optionally substituted with one R' 

Preferred are the above compounds of formula 1, wherein 
R’ is R. and R’ is selected from 

OOS 
H H H H 

(N N () Q () N1 N1 N H H H 

NH, N s 
H 

H 
N NOC). O 

N 
NH 

O NH, M 
S 

NOXO. 
wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three R'; 
wherein possibly available nitrogen atoms of the ring are 
optionally and independently from each other substituted 
with R’’; wherein a carbon atom of the ring is optionally 
substituted with one R or one R; a nitrogen atom of the 
ring is optionally substituted with one R' 

and 

Preferred are the above compounds of formula 1, wherein 
R’ is R* and R is selected from 

H H H H 

N C N N O N s C D S. H O 
H H H 

N () Q S. O) N s N s 
N H H H 

CO, N 
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-continued 
H 

y NH, O, 

O 

N 
NH 

O NH, s/ and 

HN NH, 

wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three R'; 
wherein possibly available nitrogen atoms of the ring are 
optionally and independently from each other substituted 
with R’’; and 
R’ is R''' and R.'" is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-Ca-alkylene-, R''-A-, Ca 
alkyl-A-, Cle-cycloalkyl-A-, Ca-haloalkyl-A-, R''- 
C-alkylene-A-, Ca-alkyl-A-C-alkylene-, C-cy 
cloalkyl-A-C-alkylene-, Ca-haloalkyl-A-C- 
alkylene-, R'' C-alkylene-A-C-alkylene-, R''- 
A-Ca-alkylene-, HO—C-alkylene-A-, HO C 
alkylene-A-C-alkylene-, C-alkyl-O-C-alkylene 
A- and C-alkyl-O-C-alkylene-A-C-alkylene-: 
and 

R: '' is R*''' and R. '' is selected from 
aryl-, optionally substituted independently from each 

other with one, two or three residues independently 
selected from R''': 

Co-heteroaryl-, containing one, two, three or four het 
eroatoms selected independently from S.S(O), S(O), 
O and N, wherein carbonatoms of the ring are option 
ally and independently from each other substituted 
with one, two or three R''': wherein nitrogen 
atoms of the ring are optionally and independently 
from each other substituted with one, two or three 
R2.1.1.2. and 

Cs-o-heterocyclyl-, containing one, two, three or four 
heteroatoms selected independently from S. S(O), 
S(O), O and N and the ring is fully or partially satu 
rated, wherein carbon atoms of the ring are optionally 
and independently from each other substituted with 
one, two or three R''': wherein nitrogen atoms of 
the ring are optionally and independently from each 
other substituted with one, two or three R''': and 

R''' is independently selected from halogen, HO , 
O—, C-alkyl-, Ca-alkyl-O-, Ca-haloalkyl-, Ca 
haloalkyl-O- and C-cycloalkyl-, and 

R''' is independently selected from O—, Ca-alkyl-, 
Ca-haloalkyl-, C-cycloalkyl-, C-alkyl-O-Ca 
alkyl-, H(O)C , C-alkyl-(O)C , tetrahydrofura 
nylmethyl- and tetrahydropyranylmethyl; and 

R’ is R* and R* is independently selected from H-A- 
C-alkylene-, C-cycloalkyl-, C-alkyl-A-C-alky 
lene-, C-cycloalkyl-A-C-alkylene-, Ca-haloalkyl 
A-Ca-alkylene-, R'-A-Ca-alkylene-, Ca-alkyl-S 
(O) and C-alkyl-C(O) , R''-A-. 
Preferred are the above compounds of formula 1, wherein 

R is R* and R. is selected from 
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10 

H 
H H H 
N N N 

O) and 
N 
H 

N N 
H H 

wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three R'; 
wherein possibly available nitrogen atoms of the ring are 
optionally and independently from each other substituted 
with Rif; wherein a carbon atom of the ring is optionally 
substituted with one R or one R; a nitrogen atom of the 
ring is optionally substituted with one R' 

Preferred are the above compounds of formula 1, wherein 
R’ is R'' and R' is selected from 

s NH and 

N 

wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two, three or four 
R°'; wherein possibly available nitrogenatoms of the ring are 
optionally and independently from each other substituted 
with Rif; wherein a carbon atom of the ring is optionally 
substituted with one R or one R; a nitrogen atom of the 
ring is optionally substituted with one R. 

Preferred are the above compounds of formula 1, wherein 
R’ is R." and R." is together with R and two adjacent 
carbon atoms of the phenyl ring a 5- or 6-membered aryl or 
heteroaryl, containing one, two or three heteroatoms indepen 
dently selected from S. S(O), S(O), O and N, preferably 
pyrazole, naphtene, wherein carbon atoms of the ring are 
optionally and independently from each other substituted 
with one, two or three R', wherein possibly available nitro 
gen atoms of the ring are optionally and independently from 
each other substituted with one, two or three R’’. 

Preferred are the above compounds of formula 1, wherein 
R’ is R." and R" is selected from aryl-, pyrazole, thiophene 
and furane; wherein carbon atoms of the ring are optionally 
and independently from each other substituted with one, two, 
three or four R.'; wherein possibly available nitrogenatoms 
of the ring are optionally and independently from each other 
substituted with R’’; wherein a carbon atom of the ring is 
optionally substituted with one R; a nitrogen atom of the 
ring is optionally substituted with one R', or R" is selected 
from 

COSS 
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-continued 
H H H 
N N N 

O) () Q N 
N s N s N s H , 
H H H 

O and O s 
wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two, three or four 
R°'; wherein possibly available nitrogenatoms of the ring are 
optionally and independently from each other substituted 
with Rif; wherein a carbon atom of the ring is optionally 
substituted with one R’ or one R’: a nitrogen atom of the 
ring is optionally substituted with one R. 

Preferred are the above compounds of formula 1, wherein 
R’ is RandR is selected from aryl-, pyrazole, thiophene 
and furane; wherein carbon atoms of the ring are optionally 
and independently from each other substituted with one, two, 
three or four R'; wherein possibly available nitrogenatoms 
of the ring are optionally and independently from each other 
substituted with R’’; wherein a carbon atom of the ring is 
optionally substituted with one R; a nitrogen atom of the 
ring is optionally substituted with one R. 

Preferred are the above compounds of formula 1, wherein 
R’ is R P and R-P is selected from 

OCS & 
N s N s 
H H 

O and O s 
wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two, three or four 
R°'; wherein possibly available nitrogenatoms of the ring are 
optionally and independently from each other substituted 
with Rif; wherein a carbon atom of the ring is optionally 
substituted with one R’ or one R’: a nitrogen atom of the 
ring is optionally substituted with one R. 

H 
N 

N 

Preferred are the above compounds of formula 1, wherein 
R’ is R and R is selected from among the substituents 
(a1) to (d1) 

(a1) 
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NNHN 
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N -H 

12 
-continued 

(b1) 

(c1) 

(d1) 

(e1) 

(f1) 

(gl) 

(h1) 

(i1) 

(1) 

(k1) 

(11) 

(ml) 

(n1) 
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-continued 
(o1) 

H 
O 

N D 
N 

H 
(p1) 

N 

(q1) 

N 

wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two, three or four 
R°'; wherein possibly available nitrogenatoms of the ring are 
optionally and independently from each other are substituted 
with R: 

Particularly preferred R’ is substituent (al) or (c1), 
wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two, three or four 
R°'; wherein possibly available nitrogenatoms of the ring are 
optionally and independently from each other are substituted 
with R.? 

Particularly preferred R* denotes a substituent selected 
from the group (al) to (d1), wherein carbonatoms of the ring 
are optionally and independently from each other substituted 
with a group selected from among =O, Me, MeSO , 
Me-piperazinyl-SO. , morpholinyl, —CN and F, and pos 
sibly available nitrogen atoms of the ring are optionally and 
independently from each other substituted with Me.N- 
CH2—CH2—, FCH-CH , —CH and tetrahydrofura 
nyl. 

Preferred are the above compounds of formula 1, wherein 
R’ is R* and R’ is Phenyl-R’, wherein the phenyl ring is 
optionally substituted with one or two residues R', wherein 
R’ is R'' and R''' is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-C-alkylene-, R''-A-, Ca 
alkyl-A-, C-cycloalkyl-A-, Ca-haloalkyl-A-, 
R''—C-alkylene-A-, C-alkyl-A-C-alkylene-, 
Co-cycloalkyl-A-C-alkylene-, Ca-haloalkyl-A- 
Ca-alkylene-, R''-Ca-alkylene-A-Ca-alky 
lene-, R''-A-Ca-alkylene-, HO-Ca-alkylene-A-, 
HO-C-alkylene-A-C-alkylene-, C-alkyl-O- 
C-alkylene-A- and C-alkyl-O-C-alkylene-A- 
C-alkylene-; and 
R’ is R. ''' and R. '''' is selected from 

aryl-, optionally Substituted independently from each 
other with one, two or three residues independently 
selected from R''': 

Cs-o-heteroaryl-, containing one, two, three or four 
heteroatoms selected independently from S. S(O), 
S(O), O and N, wherein carbon atoms of the ring 
are optionally and independently from each other 
substituted with one, two or three R'': wherein 
nitrogen atoms of the ring are optionally and inde 
pendently from each other substituted with one, 
two or three R''': 

Cs-o-heterocyclyl-, containing one, two, three or four 
heteroatoms selected independently from S. S(O), 
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14 
S(O), O and N, and the ring is fully or partially 
Saturated, wherein carbon atoms of the ring are 
optionally and independently from each other Sub 
stituted with one, two or three R'': wherein nitro 
gen atoms of the ring are optionally and indepen 
dently from each other substituted with one, two or 
three R. ''': and 

R''' is independently selected from halogen, HO , 
O—, C-alkyl-, C-alkyl-O-, Ca-haloalkyl-, 
Ca-haloalkyl-O- and Cle-cycloalkyl-, and 

R''' is independently selected from O—, C-alkyl-, 
Ca-haloalkyl-, C-cycloalkyl-, C-alkyl-O- 
C-alkyl-, H(O)C , C-alkyl-(O)C , tetrahy 
drofuranylmethyl- and tetrahydropyranylmethyl. 

and R and R together denote a group (r1), 

(r1) 

HN : 

O 

wherein the N-atom is optionally substituted with R*, 
wherein 
R’ is independently selected from H-A-C-alkylene-, 

Cs-cycloalkyl-, Co-alkyl-A-C6-alkylene-, Cas-cy 
cloalkyl-A-C-alkylene-, C-haloalkyl-A-C-alky 
lene-, R''-A-C-alkylene-, C-alkyl-S(O) , 
Co-alkyl-C(O)—and R''-A-. 

Particularly preferred are the above compounds of formula 
1, wherein R is R* and R’ is Phenyl-R*, 
wherein the phenyl ring is optionally substituted with one or 
two residues independently selected from F and —CN, 
and R* and R together denote a group (r1), wherein the 
N-atom is optionally substituted with —CH, 

(r1) 

Particularly preferred are the above compounds of formula 
1, wherein 
R" is H, 
R is Hor F, preferably F, 
and 
R is R and R is Phenyl-R’, 

wherein the phenyl ring is optionally substituted with one 
or two residues independently selected from F and 
- CN, 

and R’ and R together denote a group (r1), wherein the 
N-atom is optionally substituted with —CH: 

Particularly preferred are the above compounds of formula 
1, wherein R* andR togetherdenote agroup (r1), optionally 
Substituted as described above, in meta and para position of 
the phenyl ring. 
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Preferred are the above compounds of formula 1, wherein -continued 
R’ is R'' and R is selected from among the substituents (a2) (2) 
to (w2) or NN 
R together with R" denotes a group selected from among 5 

(a3) to (e3). N. 

(a2) : (k2) 

: y H. 10 NN 
N 

O ty 
(b2) 15 O 

: (12) 

C A O 2O NS 

(c2) 

s^ : (m2) NN 
NS 25 

N 
(d2) 

: O 

Ol 29 30 : (n2) 

(e2) 
N 35 

: (f2) (o2) 
40 : 

N 
O Cl Cl 

/Sr. N 
N- Nch, 45 N 

F (g2) 
N (p2) 

N : 

Ol to O r 
Nu (q2) 

(h2) 55 : N 

N 

(r2) 
60 O 

(i2) u) 
: : N 

O NN 

Nu 65 



17 
-continued 

US 8,987,249 B2 

(s2) 

(t2) 10 

15 

(u2) 

(v2) 25 

30 
(w2) 

35 

(a3) 

40 

45 

(b3) 

50 

55 

(c3) 

60 

65 

18 
-continued 

(d3) 
F 

"N- : 
O 

(e3) 
F 

F : 

Particularly preferred R’ is substituent (a2) or (c2). 
Particularly preferred R is substituted Phenyl-R’ 

wherein R together with R" denotes a group selected from 
among (a3), (b3), (c3), (d3) and (e3). 

Preferred are the above compounds of formula 1, wherein 
R’ is R''' and R.'" is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-C-alkylene-, R''-A-, Ca 
alkyl-A-, Co-cycloalkyl-A-, C-a-haloalkyl-A-, R''- 
C-alkylene-A-, C-alkyl-A-C-alkylene-, C-cy 
cloalkyl-A-C-alkylene-, Ca-haloalkyl-A-C-alkylene 
R''—C-alkylene-A-C-alkylene-, R''-A-C-alky 
lene-, HO C-alkylene-A-, HO—C-alkylene-A-C- 
alkylene-, C-alkyl-O-C-alkylene-A- and C-alkyl 
O—C-alkylene-A-C-alkylene-. 

Preferred are the above compounds of formula 1, wherein 
R’ is R. ''' and R. '''' is selected from 

aryl-, optionally substituted independently from each other 
with one, two or three residues independently selected 
from R. ''': 

Cs-o-heteroaryl-, containing one, two, three or four het 
eroatoms selected independently from S.S(O), S(O), O 
and N, wherein carbon atoms of the ring are optionally 
and independently from each other substituted with one, 
two or three R'': wherein nitrogen atoms of the ring 
are optionally and independently from each other Sub 
stituted with one, two or three R''' 

and 

Cs-o-heterocyclyl-, containing one, two, three or four het 
eroatoms selected independently from S. S(O), S(O), O 
and N and the ring is fully or partially saturated, wherein 
carbon atoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three 
R*''': wherein nitrogen atoms of the ring are option 
ally and independently from each other are substituted 
with one, two or three R''': and 

R''' is independently selected from halogen, HO , O=, 
C-alkyl-, C-alkyl-O-, Ca-haloalkyl-, Ca-ha 
loalkyl-O- and C-e-cycloalkyl-, and 

R''' is independently selected from O—, C-alkyl-, Ca 
haloalkyl-, C-cycloalkyl-, Ca-alkyl-O-C-alkyl-, 
H(O)C , C-alkyl-(O)C , tetrahydrofuranylmethyl 
and tetrahydropyranylmethyl. 
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Preferred are the above compounds of formula 1, wherein 
R'' is R'' and R. '' is phenyl or selected from 

N 

N 2 N O 

s C O 
H H 
N N 

N O 
H 

wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three 
R°''', wherein possibly available nitrogenatoms of the ring 
are optionally and independently from each other substituted 
with R. ''; and 
R''' is independently selected from halogen, HO , O=, 
C-alkyl-, C-alkyl-O-, Ca-haloalkyl-, Ca-ha 
loalkyl-O- and Cle-cycloalkyl-, and 

R°''' is independently selected from O—, C-alkyl-, Ca 
haloalkyl-, C-cycloalkyl-, Ca-alkyl-O-C-alkyl-, 
H(O)C , C-alkyl-(O)C , tetrahydrofuranylmethyl 
and tetrahydropyranylmethyl. 
Preferred are the above compounds of formula 1, wherein 

R’ is R'' and R''. is phenyl or selected from 

O - O 
wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two or three 
R°''', wherein possibly available nitrogenatoms of the ring 
are optionally and independently from each other substituted 
with R. ''?; and 
R°''' is independently selected from F, Cl, Me, MeO- and 

cyclopropyl-, and 
R''' is independently selected from Me, tetrahydrofura 

nylmethyl- and tetrahydropyranylmethyl. 
Preferred are the above compounds of formula 1, wherein 

R’ is R'' and R''' is selected from H, NC , C.- 
alkyl-, Ca-haloalkyl-, C-cycloalkyl-, HO—C-alky 
lene- and (C-alkyl)-O-C-alkylene-. 

Preferred are the above compounds of formula 1, wherein 
R’ is R'' and R''' is selected from H, C-alkyl-, 
and C-e-cycloalkyl-, 

Preferred are the above compounds of formula 1, wherein 
R’ is R* and R* is independently selected from H-A- 
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20 
C-alkylene-, C-cycloalkyl-, C-alkyl-A-C-alky 
lene-, C-cycloalkyl-A-C-alkylene-, Ca-haloalkyl-A- 
Cia-alkylene-, R'-A-Ca-alkylene-, Ca-alkyl-S(O) - 
and C-alkyl-C(O) , R''-A-: 

Preferred are the above compounds of formula 1, wherein 
R’ is R'' and R’ is together with R' selected from 
C(O) , S(O) , S(O), , C(R)=C(R)- 

and —C-alkylene-; 
Preferred are the above compounds of formula 1, wherein 

R’ is together with R" a group R and R." is selected 
from -O-, - S -, - N(R*") , —C(O)N(R') , 
N(R)C(O) , S(O)N(R:) , N(R) 

- S(O), , C(R)=C(R:) , -C=N , 
N–C , C(R), O O C(R) , 
C(R22)N(R2) , N(R2.3.1)C(R23.2). and 

—Ca-alkylene-; and 
R’ is independently selected from H. C.-alkyl-, Ca 

haloalkyl-, C-cycloalkyl-, HO—C-alkylene-, (C- 
alkyl)-O-C-alkylene-, HN C-alkylene-, (C- 
alkyl)HN-C-alkylene- and (C-alkyl)-N-C- 
alkylene-: 

R’’ is independently selected from H, C-alkyl-, Ca 
haloalkyl-, C-cycloalkyl-, HO—C-alkylene-, (C- 
alkyl)-O-C-alkylene-, HN C-alkylene-, (C- 
alkyl)HN-C-alkylene- and (C-alkyl)-N-C- 
alkylene-. 
Preferred are the above compounds of formula 1, wherein 

R’ is together with R" a group R'' and R“ is selected 
from N(R*) C(O)N(R:) , N(R*)C 
(O) , S(O)N(R') , N(R')S(O) = C(O) , 

S(O) s S(O), s C(R2:42) C(R2:42) , 
C—N , N–C , C(R2+2)N(R24) , 

- N(R')C(R') and C-alkylene-; and 
R°'' is independently selected from H, C-alkyl-, Ca 

haloalkyl-, C-cycloalkyl-, HO—C-alkylene-, (C- 
alkyl)-O-C-alkylene-, HN C-alkylene-, (C- 
alkyl)HN-C-alkylene- and (C-alkyl)-N-C- 
alkylene-: 

R’’ is independently selected from H, C-alkyl-, Ca 
haloalkyl-, C-cycloalkyl-, HO—C-alkylene-, (C- 
alkyl)-O-C -alkylene-, HN C-alkylene-, (C- 
alkyl)HN-C-alkylene-, (C-alkyl)-N-C- 
alkylene-. 
Preferred are the above compounds of formula 1, wherein 

R’ is together with R" a group R and R“ is selected 
from C(R)==C(R) and N=; and 
R’ is independently selected from H. C.-alkyl-, Ca 

haloalkyl-, C-cycloalkyl-, HO—C-alkylene-, (C- 
alkyl)-O-C-alkylene-, HN C-alkylene-, (C- 
alkyl)HN-C-alkylene- and (C-alkyl)-N-C- 
alkylene-. 
Preferred are the above compounds of formula 1, wherein 

R’ is R'" and R." is together with R and two adjacent 
carbon atoms of the phenyl ring a 5- or 6-membered aryl or 
heteroaryl, containing one, two or three heteroatoms indepen 
dently selected from S. S(O), S(O), Oand N, wherein carbon 
atoms of the ring are optionally and independently from each 
other substituted with one, two or three R', wherein possibly 
available nitrogen atoms of the ring are optionally and inde 
pendently from each other substituted with one, two or three 
R’’; and 
R’ is R''' and R.'" is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-C-alkylene-, R''-A-, Ca 
alkyl-A-, Co-cycloalkyl-A-, Ca-haloalkyl-A-, R''- 
C-alkylene-A-, Ca-alkyl-A-C-alkylene-, C-cy 
cloalkyl-A-C-alkylene-, Ca-haloalkyl-A-C- 



US 8,987,249 B2 
21 

alkylene-, R'' C-alkylene-A-C-alkylene-, R''- 
A-Ca-alkylene-, HO—C-alkylene-A-, HO—Ca 
alkylene-A-C-alkylene-, C-alkyl-O-C-alkylene 
A- and C-alkyl-O-Ca-alkylene-A-C-alkylene-: 
and 
R'' is R'''“ and R*''' is selected from 

aryl-, optionally Substituted independently from each 
other with one, two or three residues independently 
selected from R''': 

Co-heteroaryl-, containing one, two, three or four het 
eroatoms selected independently from S.S(O), S(O), 
O and N, wherein carbonatoms of the ring are option 
ally and independently from each other substituted 
with one, two or three R''': wherein nitrogen 
atoms of the ring are optionally and independently 
from each other substituted with one, two or three 
R2.1.1.2, 

Co-heterocyclyl-, containing one, two, three or four 
heteroatoms selected independently from S. S(O), 
S(O), O and N and the ring is fully or partially satu 
rated, wherein carbon atoms of the ring are optionally 
and independently from each other substituted with 
one, two or three R'': wherein nitrogenatoms of the 
ring are optionally and independently from each other 
substituted with one, two or three R''' and 

R''' is independently selected from halogen, HO , 
O—, C-alkyl-, Ca-alkyl-O-, Ca-haloalkyl-, Ca 
haloalkyl-O- and C-cycloalkyl-, and 

R'' is independently selected from O—, C-alkyl-, 
Ca-haloalkyl-, C-cycloalkyl-, C-alkyl-O-Ca 
alkyl-, H(O)C , C-alkyl-(O)C , tetrahydrofura 
nylmethyl- and tetrahydropyranylmethyl; and 

R’ is R* and R’“ is independently selected from H-A- 
C-alkylene-, C-cycloalkyl-, C-alkyl-A-C-alky 
lene-, C-cycloalkyl-A-C-alkylene-, Ca-haloalkyl 
A-Ca-alkylene-, R''-A-C-alkylene-, C-alkyl-S 
(O) and C-alkyl-C(O) , R''-A-. 
Preferred are the above compounds of formula 1, wherein 

R’ is R." and R" is selected from aryl-, pyrazole, thiophene 
and furane; wherein carbon atoms of the ring are optionally 
and independently from each other substituted with one, two, 
three or four R'; wherein possibly available nitrogenatoms 
of the ring are optionally and independently from each other 
substituted with Rif; wherein a carbon atom of the ring is 
optionally substituted with one R’; a nitrogen atom of the 
ring is optionally substituted with one R', or R." is selected 
from 

H H H H 

N C D S D C O) O N 
H 

N 

Q N H 
N N 
H H 

O and O 
wherein carbonatoms of the ring are optionally and indepen 
dently from each other substituted with one, two, three or four 

H 
N 
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R°'; wherein possibly available nitrogenatoms of thering are 
optionally and independently from each other substituted 
with Rif; wherein a carbon atom of the ring is optionally 
substituted with one R or one R; a nitrogen atom of the 
ring is optionally substituted with one R.'; and 
R’ is R'' and R'" is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-C-alkylene-, R''-A-, Ca 
alkyl-A-, Co-cycloalkyl-A-, Ca-haloalkyl-A-, R''- 
C-alkylene-A-, C-alkyl-A-C-alkylene-, C-cy 
cloalkyl-A-C-alkylene-, Ca-haloalkyl-A-C- 
alkylene-, R'' C-alkylene-A-C-alkylene-, R''- 
A-Ca-alkylene-, HO—C-alkylene-A-, HO—Ca 
alkylene-A-C-alkylene-, C-alkyl-O-C-alkylene 
A- and C-alkyl-O-C-alkylene-A-C-alkylene-: 
and 
R: '' is R. ''' and R.''' is selected from 

aryl-, optionally Substituted independently from each 
other with one, two or three residues independently 
selected from R*''': 

Co-heteroaryl-, containing one, two, three or four het 
eroatoms selected independently from S.S(O), S(O), 
O and N, wherein carbonatoms of the ring are option 
ally and independently from each other substituted 
with one, two or three R''': wherein nitrogen 
atoms of the ring are optionally and independently 
from each other substituted with one, two or three 
R2.1.1.2, and 

Cs-o-heterocyclyl-, containing one, two, three or four 
heteroatoms selected independently from S. S(O), 
S(O), O and N and the ring is fully or partially satu 
rated, wherein carbonatoms of the ring are optionally 
and independently from each other substituted with 
one, two or three R''': wherein nitrogen atoms of 
the ring are optionally and independently from each 
other substituted with one, two or three R*''': and 

R''' is independently selected from halogen, HO , 
O—, C-alkyl-, Ca-alkyl-O-, Ca-haloalkyl-, Ca 
haloalkyl-O- and C-cycloalkyl-, and 

R''' is independently selected from O—, C-alkyl-, 
Ca-haloalkyl-, C-cycloalkyl-, C-alkyl-O-C- 
alkyl-, H(O)C , C-alkyl-(O)C , tetrahydrofura 
nylmethyl- and tetrahydropyranylmethyl; and 

R’ is R* and R* is independently selected from H-A- 
C-alkylene-, C-cycloalkyl-, C-alkyl-A-C-alky 
lene-, C-cycloalkyl-A-C-alkylene-, Ca-haloalkyl 
A-Ca-alkylene-, R''-A-Ca-alkylene-, Ca-alkyl-S 
(O) and C-alkyl-C(O)—, R''-A-; and 

R’ is together with R" a group R and R." is selected 
from - O -, -S N(R:) , —C(O)N(R:) , 
N(R')C(O) , S(O)N(R:) , N(R') 

S(O) , —C(O)O— —OC(O)— —C(O)— —S(O)—, 
S(O) C(R)=C(R) , -C=N , 
N–C , C(R). O. , O C(R) , 
C(R22)N(R) , N(R23.1)C(R23.2). al 

—Ca-alkylene-; and 
R’ is independently selected from H. C-alkyl-, Ca 

haloalkyl-, C-cycloalkyl-, HO-C-alkylene-, 
(C-alkyl)-O-C-alkylene-, HN C-alkylene-, 
(C-alkyl)HN-C-alkylene- and (C-alkyl)-N- 
C-alkylene-: 

R’’ is independently selected from H. C-alkyl-, Ca 
haloalkyl-, C-cycloalkyl-, HO-C-alkylene-, 
(C-alkyl)-O-C -alkylene-, HN C-alkylene-, 
(C-alkyl)HN-C-alkylene- and (C-alkyl)-N- 
C-alkylene-; and 

R’ is together with R a group R*** and R*** is selected 
from N(R') C(O)N(R:) , N(R')C 
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S(O), S(O), Oand N, wherein carbon atoms of the ring are 
optionally and independently from each other substituted 
with one, two or three R'; wherein nitrogen atoms of the 
ring are optionally and independently from each other Sub 
stituted with one, two or three R’’; and 
R’ is R'' and R''' is selected from H, halogen, NC , 
O—, HO , H-A-, H-A-C-alkylene-, R-A-, Ca 
alkyl-A-, C-cycloalkyl-A-, Ca-haloalkyl-A-, 
R''-Ca-alkylene-A-, Ca-alkyl-A-Ca-alkylene-, 
Co-cycloalkyl-A-C-alkylene-, Ca-haloalkyl-A- 
Ca-alkylene-, R''-Ca-alkylene-A-Ca-alky 
lene-, R''-A-Ca-alkylene-, HO-Ca-alkylene-A-, 
HO-C-alkylene-A-C-alkylene-, C-alkyl-O- 
C-alkylene-A- and C-alkyl-O-C-alkylene-A- 
C-alkylene-; and 
R*'' is R'' and R''' is phenyl or selected from 

On O. 
wherein carbon atoms of the ring are optionally and 

independently from each other substituted with 
one, two orthree R''' wherein possibly available 
nitrogen atoms of the ring are optionally and inde 
pendently from each other substituted with R: ''': 
and 

R°''' is independently selected from F, Cl, Me, 
MeO- and cyclopropyl-, and 

R''' is independently selected from Me, tetrahy 
drofuranylmethyl- and tetrahydropyranylmethyl; 
and 

R’ is R* and R* is independently selected from 
H-A-C-alkylene-, C-cycloalkyl-, C-alkyl-A- 
Ca-alkylene-, Ca-cycloalkyl-A-Ca-alkylene-, Ca 
haloalkyl-A-C-alkylene-, R''-A-C-alkylene-, 
Ca-alkyl-S(O). , C-alkyl-C(O) , R''-A-. 

Preferred are the above compounds of formula 1, wherein 
R is R- and R is H. 

Preferred are the above compounds of formula 1, wherein 
R is R- and R is F. 

Preferred are the above compounds of formula 1, wherein 
R is R'' and R“ is selected from F, Cl, phenyl-HC O-, 
HO—, C-alkyl-, Ca-haloalkyl-, C-cycloalkyl-, Ca 
alkyl-O- and Ca-haloalkyl-O-. 

Preferred are the above compounds of formula 1, wherein 
R" is R'' and R' is F: preferably in ortho position. 

Preferred are the above compounds of formula 1, wherein 
A is A" and A' is a bond or independently selected from 
-O-, -C(O)N(R)-,-N(R)C(O) ,-S(O)N(R)- 
—N(R)S(O) , —C(O)O , —OC(O) , —C(O) , 
—S(O) , —(R)(O)S=N-, -(RN=)(O)S- and 
- N=(O)(R)S— and R is R* and R is independently 
selected from H, C-alkyl- and NC . 
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Preferred is a compound of formula 1, wherein 

R" is independently selected from H, Ca-alkyl-, halogen, 
HO—, C-alkyl-O-, HN , C-alkyl-HN , (C- 
alkyl)-N and C-alkyl-C(O)HN : 

or two R' are together C-alkylene; 
R’ is selected of the examples of the Table 1 R Embodi 

ments of the invention; preferably examples (EH) 7-51, 
preferably one of the groups selected from 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18 or 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40, 41, 
42, 43, 44, 45, 45, 46, 47, 48, 49, 50, 51; 

R is H or F: 
R" is independently selected from F, Cl, phenyl-HC O , 
HO—, C-alkyl-, C-haloalkyl-, Cs-cycloalkyl-, 
Co-alkyl-O-, C-haloalkyl-O-, C-alkyl-HN-, 
(Co-alkyl)-HN , C-alkyl-HN C-alkylene- and 
(C-alkyl)-HN-C-alkylene-: 

A is a bond or independently selected from —O— —S—, 
-N(R)-, -C(O)N(R)-, - N(R)C(O) , S(O)N 
(R) , N(R)S(O), , S(O)(—NR) N(R) , 
N(R)(NR—), S(O) , S(—NR). N(R) , 

-N(R)(NR—)S , C(R)=C(R) -, -C=C-, 
C(O)O— —OC(O)— —C(O)— —S(O) , S(O) , 

—S(=NR) , S(O)(=NR) , S(-NR) , 
-(R)(O)S=N ,-(RN=)(O)S and N=(O)(R) 
S—; 

R is independently selected from H, C-alkyl- and NC : 
or a salt thereof. 

Preferred is a compound of formula 1, wherein 
R" is R'" and R'" is independently selected from H. C.- 

alkyl-, F and HO-. 
or two R' are together C-alkylene; 
R’ is selected of the examples of the Table 1 R Embodi 

ments of the invention; preferably examples (EH) 7-51, 
preferably one of the groups selected from 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18 or 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40, 41, 
42, 43, 44, 45, 45, 46, 47, 48, 49, 50, 51; 

R is H or F: 
R" is R'' and R“ is F, Cl, phenyl-HC O. , HO , Ca 

alkyl-, Ca-haloalkyl-, C-cycloalkyl-, C-alkyl-O- 
and Ca-haloalkyl-O-, 

A is a bond or independently selected from —O— —S—, 
- N(R)--C(O)N(R) -, - N(R)C(O) , S(O)N 
(R) , N(R)S(O) , S(O)(—NR) N(R) , 
N(R)(NR—)S(O) , - S(—NR). N(R) , 

-N(R)(NR—)S , C(R)=C(R) -, -C=C-, 
C(O)O , —OC(O)— —C(O)—, S(O) , S(O), 
S(—NR) , S(O)(—NR) , S(—NR) 

-(R)(O)S=N ,-(RN=)(O)S and N=(O)(R) 
S—; 

R is independently selected from H. Co-alkyl- and NC : 
or a salt thereof. 

Preferred is a compound of formula 1, wherein 
R" is R'' and R'" is independently selected from H. C.- 

alkyl-, F and HO . 
or two R' are together Cla-alkylene; 
R’ is selected of the examples of the Table 1 R Embodi 

ments of the invention; preferably examples (EH) 7-51, 
preferably one of the groups selected from 13, 14, 15, 16, 
17, 18 or 25, 26, 27, 28, 29, 30, 34,35, 36, 37,38, 39 or 43, 
44, 45, 46, 47 and 48; 

R is H or F: 
R" is R“ and R“ is selected from F, Cl, phenyl-HC O-, 
HO—, C-alkyl-, Ca-haloalkyl-, C-cycloalkyl-, 
C-alkyl-O- and Ca-haloalkyl-O-, 
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A is A" and A' is a bond or independently selected from 
-O-, -C(O)N(R)-, - N(R)C(O) , S(O)N 
(R)-, - N(R)S(O) , —C(O)O —OC(O) , 
—C(O) , S(O) , —(R)(O)S=N-, -(RN=)(O) 
S-and-N=(O)(R)S : 

R is R." and R" is independently selected from H. C. - 
alkyl- and NC : 

or a salt thereof. 
Preferred is a compound of formula 1, wherein 

R" is R'' and R'' is H; or two R' are together —CH-; 
R’ is selected of the examples of the Table 1 R Embodi 

ments of the invention; preferably examples (EH) 7-51, 
preferably one of the groups selected from 13, 14, 15, 16, 
17, 18 or 25, 26, 27, 28, 29, 30, 34,35,36, 37,38, 39 or 43, 
44, 45, 46, 47 and 48; 

R is H or F: 
R is R* and R. is F; 
A is A" and A' is a bond or independently selected from 
-O-, - C(O)N(R)-, - N(R)C(O) , S(O)N 
(R)-, - N(R)S(O) , —C(O)O —OC(O) , 
—C(O) , S(O) , —(R)(O)S=N-, -(RN=)(O) 
S-and-N=(O)(R)S : 

R is R* and R is independently selected from H. C.- 
alkyl- and NC : 

or a salt thereof. 
Preferred is a compound of formula 1, wherein 

R" is R'' and R'' is H; or two R' are together —CH-; 
R’ is selected of the examples of the Table 1 R Embodi 

ments of the invention; preferably examples (EH) 7-51, 
preferably one of the groups selected from 13, 14, 15, 16, 
17, 18 or 25, 26, 27, 28, 29, 30, 34,35,36, 37,38, 39 or 43, 
44, 45, 46, 47 and 48; 

R is H or F: 
R is R* and R. is F; 
A is A and A' is a bond or independently selected from 
-O-, -C(O)N(R)-, - N(R)C(O) , S(O)N 
(R)-, - N(R)S(O) , —C(O)O —OC(O) , 
—C(O) , S(O) , —(R)(O)S=N-, -(RN=)(O) 
S-and-N=(O)(R)S : 

R is R* and R is independently selected from H. C.- 
alkyl- and NC : 

or a salt thereof. 
Preferred is a compound of formula 1, wherein 

R" is R'' and R'' is H; or two R' are together —CH-; 
R’ is selected from 

R2.1; 
phenyl-, optionally substituted with one or two residues 

independently selected from R', optionally substituted 
with one R’; 

Cs-heteroaryl-, containing two or three independently 
selected from S, O and N, wherein carbon atoms of the 
ring are optionally and independently from each other 
substituted with one R'; wherein nitrogenatoms of the 
ring are optionally and independently from each other 
substituted with one R’’: 

monocyclic C-heterocyclyl containing one or two nitro 
gen atoms, wherein the ring is fully or partially Satu 
rated, wherein carbon atoms of the ring are optionally 
and independently from each other substituted with one 
R°'; wherein nitrogen atoms of the ring are optionally 
and independently from each other substituted with one 
R’’; and 

bicyclic Co-heterocyclyl-, containing one, two, three 
or four heteroatoms independently selected from S(O), 
O and N, wherein the ring is fully or partially saturated, 
wherein carbon atoms of the ring are optionally and 
independently from each other substituted with one, two 
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or three R'; wherein nitrogen atoms of the ring are 
optionally and independently from each other Substi 
tuted with one R’’: 

R’ is independently selected from halogen, NC , O=, 
H-A-, H-A-C-alkylene-, R''-A-, C-alkyl-A-, 
Co-cycloalkyl-A-, R'-Ca-alkylene-A-, Ca 
alkyl-A-C-alkylene-, HO—C-alkylene-A-C- 
alkylene-; preferably F, NC O—, H-A-, H-A-CH . 
R°'-A-, HC-A-, HC CH-A-, Cyclopropyl-A-, 
R°'' CH-CH-A-, R'' CH-A-, HC-A- 
CH2—CH2— and HO—C-alkylene-A-CH2—, 
R''' is independently selected from 

phenyl-, and 
Cs-heterocyclyl-, containing one or two heteroa 

toms independently selected from O and N, 
wherein the ring is fully or partially Saturated, 
wherein nitrogen atoms of the ring are optionally 
and independently from each other substituted with 
one C-alkyl-, preferably H-C-: 

R’ is independently selected from H-A-C-alkylene-, 
Cle-cycloalkyl-, C-alkyl-A-C-alkylene-, R''- 
A-Ca-alkylene-, C-alkyl-C(O)—; preferably H-A- 
CH2—, H-A-CH2—CH2—, cyclopropyl-, HC-A- 
CH, CH, , R''-A-CH and HC C(O) ; 

R° and R are together a group selected from 
N(R:) , C(O)N(R22) or N(R)C 

(O)—: 
R’ is independently selected from Hand HC : 

R is H or F: 
R is R* and R. is F; 
A is a bond or independently selected from —O , —C(O) 
N(R) , N(R)C(O) , S(O)N(R) , N(R)S 
(O) , —C(O)O— —OC(O)— —C(O)— —S(O) 
and N—(O)(R)S : 

R is independently selected from H or C-alkyl 
or a salt thereof. 

Preferred are the above compounds of formula 1, wherein 
R is R and R is H, and 
R is R- and R. is F; 

Particularly preferred are the above compounds of formula 
1, wherein 
R is H, 
R is F and 
R’ is R and R is selected from among the substituents 
(a1) to (d1). 

Particularly preferred are the above compounds of formula 
1, wherein 
R is F and 
RandR together denote a group selected from among (r1) 
to (t1). 

Preferably (a1) to (d1) or (r1) to (t1) are independently 
Substituted by a substituent selected from among 
=O, Me, MeSO. , Me-piperazinyl-SO. , morpholinyl, 
furanyl, MeN—CH2—CH2—, FCH-CH , —CN and 
F. 

Preferred are the compounds of formula I, wherein the 
compounds are selected from the group consisting of 
examples 2, 3, 6, 16, 43, 155, 193, 249, 250, 254, 283, 284, 
322, 323,324, 325, 326, 328, 329, 330, 331,333, 342, 343, 
351, 352, 353,354,355, 356,357, 358 and 359. 

Particularly preferred are the compounds of formula I, 
wherein the compounds are selected from the group consist 
ing of examples 322, 323,324, 325 and 326. 
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Preferred are the above compounds of formula 1, in its 
enantiomerically pure form of formula 1 

(R)- H 

N 

R4 

wherein R', R, R and R have the above mentioned mean 
ing. 

USED TERMS AND DEFINITIONS 

Terms not specifically defined herein should be given the 
meanings that would be given to them by one of skill in the art 
in light of the disclosure and the context. As used in the 
specification, however, unless specified to the contrary, the 
following terms have the meaning indicated and the following 
conventions are adhered to. 

In the groups, radicals, or moieties defined below, the num 
ber of carbonatoms is often specified preceding the group, for 
example, C-alkyl means an alkyl group or radical having 1 
to 6 carbon atoms. 

In general in single groups like HO, H.N. S(O), S(O), NC 
(cyano), HOOC, FC or the like, the skilled artisan can see the 
radical attachment point(s) to the molecule from the free 
Valences of the group itself. For combined groups comprising 
two or more Subgroups, the last named Subgroup is the radical 
attachment point, for example, the Substituent “aryl-C- 
alkyl-” means an aryl group which is bound to a C-alkyl 
group, the latter of which is bound to the core or to the group 
to which the substituent is attached. 

Alternatively “*” indicates within a chemical entity the 
binding site, i.e. the point of attachment. 

In case a compound of the present invention is depicted in 
form of a chemical name and as a formula in case of any 
discrepancy the formula shall prevail. An asterisk is may be 
used in sub-formulas to indicate the bond which is connected 
to the core molecule as defined. 
Many of the followings terms may be used repeatedly in 

the definition of a formula or group and in each case have one 
of the meanings given above, independently of one another. 
The term “substituted as used herein, means that any one 

or more hydrogens on the designated atom is replaced with a 
selection from the indicated group, provided that the desig 
nated atoms normal Valence is not exceeded, and that the 
Substitution results in a stable compound. 
The expressions “prevention”, “prophylaxis”, “prophylac 

tic treatment' or “preventive treatment used herein should be 
understood synonymous and in the sense that the risk to 
develop a condition mentioned hereinbefore is reduced, espe 
cially in a patient having elevated risk for said conditions or a 
corresponding anamnesis, e.g. elevated risk of developing 
metabolic disorder such as diabetes or obesity or another 
disorder mentioned herein. Thus the expression “prevention 
of a disease' as used herein means the management and care 
of an individual at risk of developing the disease prior to the 
clinical onset of the disease. The purpose of prevention is to 
combat the development of the disease, condition or disorder, 
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and includes the administration of the active compounds to 
prevent or delay the onset of the symptoms or complications 
and to prevent or delay the development of related diseases, 
conditions or disorders. Success of said preventive treatment 
is reflected statistically by reduced incidence of said condi 
tion within a patient population at risk for this condition in 
comparison to an equivalent patient population without pre 
ventive treatment. 
The expression “treatment” or “therapy” means therapeu 

tic treatment of patients having already developed one or 
more of said conditions in manifest, acute or chronic form, 
including symptomatic treatment in order to relieve Symp 
toms of the specific indication or causal treatment in order to 
reverse or partially reverse the condition or to delay the pro 
gression of the indication as far as this may be possible, 
depending on the condition and the severity thereof. Thus the 
expression “treatment of a disease' as used herein means the 
management and care of a patient having developed the dis 
ease, condition or disorder. The purpose of treatment is to 
combat the disease, condition or disorder. Treatment includes 
the administration of the active compounds to eliminate or 
control the disease, condition or disorder as well as to allevi 
ate the symptoms or complications associated with the dis 
ease, condition or disorder. 

Unless specifically indicated, throughout the specification 
and the appended claims, a given chemical formula or name 
shall encompass tautomers and all stereo, optical and geo 
metrical isomers (e.g. enantiomers, diastereomers, E/Z iso 
mers etc. . . . ) and racemates thereofas well as mixtures in 
different proportions of the separate enantiomers, mixtures of 
diastereomers, or mixtures of any of the foregoing forms 
where such isomers and enantiomers exist, as well as salts, 
including pharmaceutically acceptable salts thereof and Sol 
Vates thereof Such as for instance hydrates including Solvates 
of the free compounds or Solvates of a salt of the compound. 
As used herein the term “prodrug” refers to (i) an inactive 

form of a drug that exerts its effects after metabolic processes 
within the body converting it to a usable or active form, or (ii) 
a Substance that gives rise to a pharmacologically active 
metabolite, although not itself active (i.e. an inactive precur 
sor). 
The terms “prodrug or “prodrug derivative” mean a 

covalently-bonded derivative, carrier or precursor of the par 
ent compound or active drug Substance which undergoes at 
least some biotransformation prior to exhibiting its pharma 
cological effect(s). Such prodrugs either have metabolically 
cleavable or otherwise convertible groups and are rapidly 
transformed in vivo to yield the parent compound, for 
example, by hydrolysis in blood or by activation via oxidation 
as in case of thioether groups. Most common prodrugs 
include esters and amide analogs of the parent compounds. 
The prodrug is formulated with the objectives of improved 
chemical stability, improved patient acceptance and compli 
ance, improved bioavailability, prolonged duration of action, 
improved organ selectivity, improved formulation (e.g., 
increased hydrosolubility), and/or decreased side effects 
(e.g., toxicity). In general, prodrugs themselves have weak or 
no biological activity and are stable under ordinary condi 
tions. Prodrugs can be readily prepared from the parent com 
pounds using methods known in the art, Such as those 
described in A Textbook of Drug Design and Development, 
Krogsgaard-Larsen and H. Bundgaard (eds.), Gordon & 
Breach, 1991, particularly Chapter 5: “Design and Applica 
tions of Prodrugs': Design of Prodrugs, H. Bundgaard (ed.), 
Elsevier, 1985; Prodrugs: Topical and Ocular Drug Delivery, 
K. B. Sloan (ed.), Marcel Dekker, 1998; Methods in Enzy 
mology, K. Widder et al. (eds.), Vol. 42, Academic Press, 
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1985, particularly pp. 309-396; Burger's Medicinal Chemis 
try and Drug Discovery, 5th Ed., M. Wolff (ed.), John Wiley 
& Sons, 1995, particularly Vol. 1 and pp. 172-178 and pp. 
949-982; Pro-Drugs as Novel Delivery Systems, T. Higuchi 
and V. Stella (eds.), Am. Chem. Soc., 1975; Bioreversible 
Carriers in Drug Design, E. B. Roche (ed.), Elsevier, 1987, 
each of which is incorporated herein by reference in their 
entireties. 
The term “pharmaceutically acceptable prodrug” as used 

herein means a prodrug of a compound of the invention which 
is, within the scope of Sound medical judgment, Suitable for 
use in contact with the tissues of humans and lower animals 
without undue toxicity, irritation, allergic response, and the 
like, commensurate with a reasonable benefit/risk ratio, and 
effective for their intended use, as well as the Zwitterionic 
forms, where possible. 
The phrase “pharmaceutically acceptable' is employed 

herein to refer to those compounds, materials, compositions, 
and/or dosage forms which are, within the scope of Sound 
medical judgment, Suitable for use in contact with the tissues 
of human beings and animals without excessive toxicity, irri 
tation, allergic response, or other problem or complication, 
and commensurate with a reasonable benefit/risk ratio. 
As used herein, “pharmaceutically acceptable salts' refer 

to derivatives of the disclosed compounds wherein the parent 
compound is modified by making acid or base salts thereof. 
Examples of pharmaceutically acceptable salts include, but 
are not limited to, mineral or organic acid salts of basic 
residues such as amines; alkali or organic salts of acidic 
residues such as carboxylic acids; and the like. For example, 
such salts include salts from ammonia, L-arginine, betaine, 
benethamine, benzathine, calcium hydroxide, choline, 
deanol, diethanolamine (2,2'-iminobis(ethanol)), diethy 
lamine, 2-(diethylamino)-ethanol, 2-aminoethanol, ethylene 
diamine, N-ethyl-glucamine, hydrabamine, 1H-imidazole, 
lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpho 
line, piperazine, potassium hydroxide, 1-(2-hydroxyethyl)- 
pyrrolidine, sodium hydroxide, triethanolamine (2.2.2"-ni 
trilotris(ethanol)), tromethamine, Zinc hydroxide, acetic acid, 
2.2-dichloro-acetic acid, adipic acid, alginic acid, ascorbic 
acid, L-aspartic acid, benzenesulfonic acid, benzoic acid, 
2,5-dihydroxybenzoic acid, 4-acetamido-benzoic acid, (+)- 
camphoric acid, (+)-camphor-10-Sulfonic acid, carbonic 
acid, cinnamic acid, citric acid, cyclamic acid, decanoic acid, 
dodecylsulfuric acid, ethane-1,2-disulfonic acid, ethane 
Sulfonic acid, 2-hydroxy-ethanesulfonic acid, ethylenedi 
aminetetraacetic acid, formic acid, fumaric acid, galactaric 
acid, gentisic acid, D-glucoheptonic acid, D-gluconic acid, 
D-glucuronic acid, glutamic acid, glutaric acid, 2-oxo-glu 
taric acid, glycerophosphoric acid, glycine, glycolic acid, 
hexanoic acid, hippuric acid, hydrobromic acid, hydrochloric 
acid, isobutyric acid, DL-lactic acid, lactobionic acid, lauric 
acid, lysine, maleic acid, (-)-L-malic acid, malonic acid, 
DL-mandelic acid, methanesulfonic acid, galactaric acid, 
naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic 
acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, nitric acid, 
octanoic acid, oleic acid, orotic acid, oxalic acid, palmitic 
acid, pamoic acid (embonic acid), phosphoric acid, propionic 
acid, (-)-L-pyroglutamic acid, salicylic acid, 4-amino-sali 
cylic acid, sebacic acid, Stearic acid, Succinic acid, Sulfuric 
acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid, p-tolu 
enesulfonic acid and undecylenic acid. Further pharmaceuti 
cally acceptable salts can beformed with cations from metals 
like aluminium, calcium, lithium, magnesium, potassium, 
Sodium, Zinc and the like. (also see Pharmaceutical salts, 
Berge, S. M. et al., J. Pharm. Sci., (1977), 66, 1-19). 
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32 
The pharmaceutically acceptable salts of the present inven 

tion can be synthesized from the parent compound which 
contains a basic or acidic moiety by conventional chemical 
methods. Generally, Such salts can be prepared by reacting the 
free acid or base forms of these compounds with a sufficient 
amount of the appropriate base or acid in water or in an 
organic diluent like ether, ethyl acetate, ethanol, isopropanol, 
or acetonitrile, or a mixture thereof. 

Salts of other acids than those mentioned above which for 
example are useful for purifying or isolating the compounds 
of the present invention (e.g. trifluoro acetate salts) also com 
prise a part of the invention. 
The term halogen generally denotes fluorine, chlorine, bro 

mine and iodine. 
The term “C-alkyl, wherein n is an integer selected 

from 2, 3, 4, 5 or 6, either alone or in combination with 
another radical denotes an acyclic, Saturated, branched or 
linear hydrocarbon radical with 1 to n C atoms. For example 
the term C-s-alkyl embraces the radicals HC-, HC 
CH2—, HC CH2—CH2—, HC-CH(CH)—, HC 
CH, CH, CH, , HC CH-CH(CH) , HC CH 
(CH)—CH2—, HC C(CH) , HC CH-CH2— 
CH-CH , HC CH, CH, CH(CH) , HC 
CH-CH(CH)—CH2—, HC CH(CH)—CH2— 
CH2—, HC CH-C(CH) , HC C(CH) CH , 
HC CH(CH)-CH(CH) and HC CH-CH 
(CHCH)—. 
The term "C-alkylene' wherein n is an integer selected 

from 2, 3, 4, 5 or 6, preferably 4 or 6, either alone or in 
combination with another radical, denotes an acyclic, straight 
or branched chain divalent alkyl radical containing from 1 to 
n carbon atoms. For example the term C-alkylene includes 
—CH2—, —CH2—CH2—, —CH(CH)— —CH2—CH2— 
CH , —C(CH) , —CH(CHCH)— —CH(CH)—C 
H. , —CH2—CH(CH)—, —CH2—CH2—CH2—CH2—, 
CH, CH, CH(CH)— —CH(CH)—CH2—CH2—, 

—CH2—CH(CH)—CH2—, —CH2—C(CH) , 
—C(CH) -CH2—, —CH(CH)—CH(CH)—, —CH2— 
CH(CHCH) , —CH(CH, CH) CH , —CH 
(CHCHCH) , —CH(CH(CH)) and —C(CH) 
(CHCH)—. 
The term “C-cycloalkyl, wherein n is an integer 

selected from 4, 5, 6, 7 or 8, preferably 4, 5 or 6, either alone 
or in combination with another radical denotes a cyclic, Satu 
rated, unbranched hydrocarbon radical with 3 to 8 C atoms. 
For example the term C-s-cycloalkyl includes cyclopropyl. 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl. 
By the term “halo' added to a “alkyl”, “alkylene' or 

“cycloalkyl group (saturated or unsaturated) is such a alkyl 
or cycloalkyl group wherein one or more hydrogenatoms are 
replaced by a halogen atom selected from among fluorine, 
chlorine or bromine, preferably fluorine and chlorine, par 
ticularly preferred is fluorine. Examples include: HFC , 
HFC , FC . 
The term “aryl as used herein, either alone or in combi 

nation with another radical, denotes a carbocyclic aromatic 
monocyclic group containing 6 carbon atoms which may be 
further fused to a second five- or six-membered, carbocyclic 
group which may be aromatic, saturated or unsaturated. Aryl 
includes, but is not limited to, phenyl, indanyl, indenyl, naph 
thyl, anthracenyl, phenanthrenyl, tetrahydronaphthyl and 
dihydronaphthyl. 
The term "Cso-heterocyclyl means a saturated or unsat 

urated mono- or polycyclic-ring systems including aromatic 
ring system containing one or more heteroatoms indepen 
dently selected from N, O or S(O), wherein r=0, 1 or 2, 
consisting of 5 to 10 ring atoms wherein none of the heteroa 
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toms is part of the aromatic ring. The term "heterocyclyl is 
intended to include all the possible isomeric forms. Thus, the 
term "heterocyclyl includes the following exemplary struc 
tures which are not depicted as radicals as each form may be 
attached through a covalent (single or double) bond to any 
atom so long as appropriate Valences are maintained: 

LDDC) () () 
() () () () () 
() (OOO 
OOOOO 
COOO 
OOOO 
OC) () () () 
() () () () () () 
C. c. () (c. 
() () () () () 
OOOOO 
OOOOO 
Ok) () (OCO 
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OOOOOO 
COOOOO 

. OCC).O.) 
O)CO) 
COOOOO 
OOOOOO 

* O. O. 
NOXON 

The term "Cso-heteroaryl' means a mono- or polycyclic 
ring systems containing one or more heteroatoms indepen 
dently selected from N, O or S(O), wherein r=0, 1 or 2, 
consisting of 5 to 10 ring atoms wherein at least one of the 

55 heteroatoms is part of aromatic ring. The term "heteroaryl' is 
intended to include all the possible isomeric forms. Thus, the 
term "heteroaryl' includes the following exemplary struc 
tures which are not depicted as radicals as each form may be 
attached through a covalent bond to any atom so long as 

60 appropriate valences are maintained: 
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Preparation 

General Synthetic Methods 
The invention also provides processes for making a com 

pound of Formula I. In all methods, unless specified other 
wise, R, R and n in the formulas below shall have the 
meaning of R', R and n in Formula 1 of the invention 
described herein above. 

Optimal reaction conditions and reaction times may vary 
depending on the particular reactants used. Unless otherwise 
specified, solvents, temperatures, pressures, and other reac 
tion conditions may be readily selected by one of ordinary 
skill in the art. Specific procedures are provided in the Syn 
thetic Examples section. Typically, reaction progress may be 
monitored by thin layer chromatography (TLC) or LC-MS, if 
desired, and intermediates and products may be purified by 
chromatography on silica gel, HPLC and/or by recrystalliza 
tion. The examples which follow are illustrative and, as rec 
ognized by one skilled in the art, particular reagents or con 
ditions could be modified as needed for individual 
compounds without undue experimentation. Starting materi 
als and intermediates used, in the methods below, are either 
commercially available or easily prepared from commer 
cially available materials by those skilled in the art. 
A compound of Formula V.VII and IX may be made by the 

method outlined in Scheme 1: 

Scheme 1 

(R'), 

H 
N CN 

N 
(R'), PG O 

21 
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PG R4 R3 

O VII 

VI 
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As illustrated in Scheme 1, a compound of Formula II, 
wherein PG represents a protecting group (e.g. tert-butoxy 
carbonyl), may be reacted with an aqueous ammonia Solu 
tion, using standard literature procedures for the formation of 
an amide. For example, in the presence of a base such as 
N-methyl-morpholine or N-ethyl-morpholine and an activat 
ing agent such as O-(7-AZabenzotriazol-1-yl)-N.N.N',N'-tet 
ramethyluronium hexafluorophosphate (HATU) or O-(Ben 
Zotriazol-1-yl)-N,N,N',N'- 
tetramethyluroniumtetrafluoroborate (TBTU). The reaction 
is conveniently carried out in a suitable solvent such as N.N- 
dimethylformamide. Standard peptide coupling reactions 
known in the art (see for example M. Bodanszky, 1984. The 
Practice of Peptide Synthesis, Springer-Verlag) may be 
employed in these syntheses. 

Dehydration of an amide Such as in a compound of For 
mula III or Formula IX to the corresponding nitrile of For 
mula IV or VII may be carried out by use of a dehydration 
agent such as (methoxycarbonylsulfamoyl)triethyl ammo 
nium hydroxide, in a suitable solvent such as dichlo 
romethane (DCM). 

(R'), 

H 
N CN 

N 
PG 

O 
21 

SS 
R4 

VIIa 
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Reacting an acid of Formula VI using standard literature 
procedures for the formation of an amide, for example in the 
presence of a base such as N,N-diisopropylethylamine (DI 
PEA) and an activating agent such as HATU or TBTU, with 
an amine of Formula V or VIII in a suitable solvent, provides 
a compound of Formula VII or IX. Standard peptide coupling 
reactions known in the art (see for example M. Bodanszky, 
1984. The Practice of Peptide Synthesis, Springer-Verlag) 
may be employed in these syntheses. 
The protection and deprotection of functional groups is 

described in Protective Groups in Organic Synthesis, T. W. 
Greene and P. G. M. Wuts, Wiley-Interscience. For example, 
for the deprotection of tert-butoxycarbonyl, an acid such as 
formic acid, trifluoroacetic acid, p-toluenesulfonic acid or 
HCl may be used in a suitable solvent such as water, DCM or 
dioxane. Another method to deprotect tert-butoxycarbonyl is 
the reaction with trimethyliodosilane or trimethylchlorosi 
lane in combination with sodium iodide in an appropriate 
solvent like acetonitrile, DMF or DCM. 
Scheme 2 
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During the reaction sequences depicted in Scheme 1 and 
Scheme 2 a hydroxy group (X—OH) can be converted to a 
trifluoromethanesulfonyl group (X—OTf) at any level. Espe 
cially, a compound IX with X—OH is transformed to the 
appropriate triflate (X=OTf) by reaction with N,N-bis-(trif 
luoromethanesulfonyl) aniline, or trifluoromethanesulfonyl 
chloride or anhydride, in the presence of an organic base e.g. 
triethylamine, morpholine, piperidine, DIPEA in an appro 
priate anhydrous solvent, e.g. DCM. 
As illustrated in Scheme 2, (transition) metal catalyzed 

reaction of a compound of Formula VII or IX wherein X is I, 
Br, C1 or OTf, provides a compound of Formula X or XI. For 
example, reaction with a boronic acid or the corresponding 
boronic acid ester, in a suitable solvent Such as acetonitrile, in 
the presence of a Suitable catalyst Such as 1,1-bis(di-tert 
butylphosphino) ferrocene palladium dichloride and a suit 
able base such as KCO provides a compound of Formula X 
or XI. Alternatively, reaction of a compound of Formula VII 
or IX, wherein X is I, Br, C1 or OTf with a tributyl (vinyl)tin 
reagent in the presence of a Suitable catalyst Such as bis 

50 
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65 

(triphenylphosphin)-palladiumchloride, in a Suitable solvent 
such as dimethylformamide (DMF) and if desirable in the 
presence of an additive Such as tetraethylammonium chloride 
provides compounds of Formula X or XI. Further, reaction of 
a compound of Formula VII or IX, wherein X is I or Br, may 
be reacted with an amine in the presence of a suitable catalyst 
Such as Cu(I)I and a Suitable base such as caesium carbonate 
and a Suitable promotor Such as L-proline provides a com 
pound of Formula X or XI. 

In an inversed fashion compounds of formula VII or IX (X: 
I, Br, C1, OTf) can be converted into the corresponding 
boronic acid derivatives VIIa or IXa, wherein R can be H or 
lower alkylindependently and the residues R can form a ring. 
For example, VII or IX can be reacted with bis-pinacolato 
diboron in the presence of a Suitable catalyst Such as 1,1-bis 
(di-tert-butylphosphino) ferrocene palladium dichloride and a 
Suitable base Such as potassium acetate or Sodium, potassium 
or cesium carbonate orphosphate, in a Suitable solvent Such 
as dioxan, dimethylformamide (DMF), or dichloromethane 
(DCM) to yield the boronic esters VIIa or IXa, respectively. 
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These can be reacted with appropriate aromatic halides in 
analogy as above to yield the desired coupling products of 
formula X or XI. 

Further, as illustrated in Scheme 2, reaction of a compound 
of Formula VII or IX, wherein X is N with an alkyne in the 
presence of a Suitable catalyst Such as copper(II)sulfate pen 
tahydrate and a suitable reducing agent such as L-ascorbic 
acid in a suitable solvent such as dimethylsulfoxide (DMSO)/ 
water provides a compound of Formula X or XI. 

Further modifications of compounds of Formula X, XI and 
I by methods known in the art and illustrated in the Examples 
below, may be used to prepare additional compounds of the 
invention. 

Dehydration of an amide of Formula XI to the correspond 
ing nitrile of Formula X may be carried out by use of a 
dehydration agent Such as (methoxycarbonylsulfamoyl)tri 
ethyl ammonium hydroxide, in a Suitable solvent such as 
DCM. 

Scheme 3 
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As illustrated in Scheme 3, (transition) metal catalyzed 
reaction of a compound of Formula IV wherein X is I, Br, Cl 
or OTf, provides a compound of Formula XII. For example, 
reaction with a boronic acid or the corresponding boronic 
acid ester, in a Suitable solvent Such as acetonitrile, in the 
presence of a suitable catalyst Such as 1,1-bis(di-tert-bu 
tylphosphino)ferrocene palladium dichloride and a suitable 
base such as KCO provides a compound of Formula XII. 
An acid of Formula VI using standard literature procedures 

for the formation of an amide, for example in the presence of 
a base such as DIPEA and an activating agent such as HATU 
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42 
or TBTU, can be reacted with an amine of Formula XII in a 
Suitable solvent. Standard peptide coupling reactions known 
in the art (see for example M. Bodanszky, 1984. The Practice 
of Peptide Synthesis, Springer-Verlag) may be employed in 
these syntheses. Deprotection of functional groups is 
described in Protective Groups in Organic Synthesis, T. W. 
Greene and P. G. M. Wuts, Wiley-Interscience. For example, 
for the deprotection of tert-butoxycarbonyl, an acid such as 
formic acid, p-toluenesulfonic acid, trifluoroacetic acid or 
HCl may be used in a suitable solvent such as water, DCM or 
dioxane and can be performed on the crude amide coupling 
product to provide a compound of Formula I. Another method 
to deprotect tert-butoxycarbonyl is the reaction with trimeth 
yliodosilane or trimethylchlorosilane in combination with 
Sodium iodide in an appropriate solvent like acetonitrile, 
DMF or DCM. 

Y = Cl, Br, OSOR 

N 
N a -e- 

N 
--R2 y-ea 

R R3 

XIV 
N 

HN a 

N 
--R2 

4-x 
R4 R3 
V 

As illustrated in Scheme 4, amino nitrile derivatives of 
Formula XIII can be converted to substitutedamino nitriles of 
Formula V via alkylation to compounds of Formula XIV. 
followed by deprotection of the amino group. During the 
alkylation step a suitable base is used in an appropriate Sol 
vent, using a benzylation agent XV with an appropriate leav 
ing group like Cl, Br, or Sulfonates. Especially useful is the 
use of sodium hydroxide as base in water and DCM under 
phase transfer conditions using benzyltrimethylammonium 
chloride as described for example by Naidu et al., WO2011/ 
46873. The protective group is removed under acidic condi 
tions, e.g. aq. HCl in dioxan. The amino nitrile V is further 
processed as depicted in Scheme 1. 
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Scheme 5 
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As illustrated in Scheme 5, nitro compounds of formula hydrogenation under conditions, where the nitrile group is 
XV can be reduced to anilines of formula XVI by catalytic still stable. Better suited are reagents like sodium dithionite, 
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SnCl2 or iron in a suitable solvent like water, methanol, etha 
nol, acetonitrile or ethyl acetate. 

Reacting of 2-halo-benzoic acid, especially 2-iodo-ben 
Zoic acid using standard literature procedures for the forma 
tion of an amide, for example in the presence of a base such as 
N,N-diisopropylethylamine (DIPEA) and an activating agent 
such as HATU or TBTU, with an amine of Formula XVI in a 
suitable solvent, provides a compound of Formula XVII. 
Standard peptide coupling reactions known in the art (see for 

46 
tert-butoxycarbonyl is the reaction with trimethyliodosilane 
or trimethylchlorosilane in combination with sodium iodide 
in an appropriate solvent like acetonitrile, DMF or DCM. 
After that the trimethylsilylmethoxymethyl group can be 
removed in acidic medium as mentioned above, especially 
with formic acid again leading to compounds of the formula 
XXa and XXb. 

SYNTHETIC EXAMPLES 
example M. Bodanszky, 1984. The Practice of Peptide Syn- 10 
thesis, Springer-Verlag) may be employed in these syntheses. The following are representative compounds of the inven 

The benzoic amide group as in Formula XVII can be pro- tion which can be made by the general synthetic schemes, the 
tected by an acid labile group, especially by alkoxymethyl or examples, and known methods in the art. Starting materials 
silylalkoxymethyl groups as mentioned for example in Pro- and intermediates were either commercially available and 
tective Groups in Organic Synthesis, T. W. Greene and P. G. 15 purchased from catalogues of AATPHARM, ABCR, 
M. Wuts, Wiley-Interscience. Especially useful is the use of ACROS, ACTIVATE, ALDRICH, ALFA, ALLICHEM, 
2-trimethylsilylethoxymethylchloride as alkylating agent ANICHEM, ANISYN, ANISYN Inc., APAC, APOLLO, 
after having removed the amide proton by a strong base Such APOLLO-INTER, ARKPHARM, ARKPHARMINC, 
as NaH in an inert solvent like DMF, THF or dioxan. The ASIBA PHARMATECH, ATOMOLE, BACHEM, BEP 
products are compounds of the formula XVIII. 20 HARM, BIOFOCUS, BIOGENE, BORON-MOL, BOROP 

Cyclisation of compounds like formula XVIII can be per- HARM, CHEMBRIDGE, CHEMCOLLECT, CHEMFU 
formed with the aid of a palladium catalyst like Pd(PPh.) TURE, CHEMGENX, CHEMIMPEX, CHESS, COMBI 
(tetrakis(triphenylphosphine)palladium(0) and a base like BLOCKS, COMBI-PHOS, DLCHIRAL, EGA, E-MERCK, 
potassium acetate or Sodium, potassium or cesium carbonate EMKA-CHEMIE, ENAMINE, EPSILON, FLROCHEM, 
or phosphate, especially sodium carbonate in a suitable sol- 25 FLUKA, FOCUS, FRONTIER, ISOCHEM, JW PHARM 
vent, e.g. DMF, preferrably under elevated temperature. This LAB, KINGSTONCHEM, LANCASTER, MANCHES 
results in the formation of compound of the formula XIXa and TER, MANCHESTER ORGANICS, MAYBRIDGE, 
XIXb, which can be separated or processed further as a mix- MAYBR-INT, MERCACHEM, MERCK, MILESTONE, 
ture. MOLBRIDGE, NETCHEM, OAKWOOD, PHARM 
Compounds like XIXa or XIXb or a mixture thereof can be 30 ABRIDGE, PLATTE, RIEDEL DE HAEN, SMALL-MOL, 

deprotected in acidic medium. Deprotection of functional SPECS, SPECTRA GROUP LIMITED, INC, SYNCHEM 
groups is described in Protective Groups in Organic Synthe- OHG, SYNCHEM-INC, SYNCOM, TCI, VIJAYA 
sis, T. W. Greene and P. G. M. Wuts, Wiley-Interscience. For PHARMA, WAKO, WUXIAPPTEC or were synthesized 
example, an acid Such as formic acid, p-toluenesulfonic acid, according to literature or as described below in “Synthesis of 
trifluoroacetic acid or HCl may be used in a suitable solvent 35 starting materials/educts' 
such as water, DCM or dioxane and can be performed on the "Liquid chromatography-mass spectroscopy (LCMS) 
crude amide coupling product to provide a compound of retention time and observed m/z, data for the compounds 
Formula XXa and XXb. Another method to deprotect first the below are obtained by one of the following methods: 

LC-MS Method OO1 CAO7 

Device-Description Waters Acquity with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 2.1 x 50 mm 

Particle Size 2.5 m 

Gradient Solvent % Sol HO % Sol Acetonitrile Flow Temp 
Time min 0.1%TFA) 0.08%TFA) ml/min C. 

O.O 95.0 S.O 1.5 6O.O 
0.75 O.O 1OO.O 1.5 6O.O 

O.85 O.O 1OO.O 1.5 6O.O 

LC-MS Method 002 CAO3 

Device-Description Agilent 1100 with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 3.0 x 30mm 

Particle Size 2.5 m 

Gradient Solvent % Sol HO Flow Temp 
Time min 0.1%TFA) % Sol Acetonitrile ml/min C. 

O.O 99.0 1.O 2.0 6O.O 
O.9 O.O 1OO.O 2.0 6O.O 

1.1 O.O 1OO.O 2.0 6O.O 
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LC-MS Method 002 CAO7 

Device-Description Waters Acquity with 3100 MS 
Column Waters XBridge BEHC18 
Column Dimension 3.0 x 30 mm 
Particle Size 1.7m 

Gradient Solvent % Sol H2O % Sol Flow Temp 
Time min 0.1% NH4OH) Acetonitrile ml/min C. 

O.O 95.0 S.O 1.5 600 
0.7 O.1 99.9 1.5 6O.O 
O.8 O.1 99.9 1.5 6O.O 
O.81 95.0 S.O 1.5 6O.O 
1.1 95.0 S.O 1.5 6O.O 

LC-MS Method 003 CA04 

Device-Description Agilent 1100 with DAD and MSD 
Column Waters XBridge C18 
Column Dimension 3.0 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol H2O % Sol Flow Temp 
Time min 0.1% NH4OH) Acetonitrile ml/min C. 

O.O 98.0 2.0 2.O 6O.O 
1.2 O.O 1OOO 2.O 6O.O 
1.4 O.O 1OOO 2.O 6O.O 

LC-MS Method 004 CAO1 

Device-Description Agilent 1100 with DAD, Waters Autosampler and MSD 
Column Waters Sunfire C18 
Column Dimension 4.6x30mm 
Particle Size 3.5 m 

Gradient Solvent % Sol (HO % Sol Flow Temp 
Time min 0.1%TFA) Acetonitrile ml/min C. 

O.O 98.0 2.0 2.5 6O.O 
1.5 O.O 1OOO 2.5 6O.O 
1.8 O.O 1OOO 2.5 6O.O 

LC-MS Method 004 CA05 

Device-Description Waters Acquity with DAD and MSD, CTC Autosampler 
Column Waters XBridge C18 
Column Dimension 3.0 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol H2O % Sol Flow Temp 
Time min 0.1% NHOH) Acetonitrile ml/min C. 

O.O 98.0 2.0 2.O 6O.O 
1.2 O.O 1OOO 2.O 6O.O 
1.4 O.O 1OOO 2.O 6O.O 

LC-MS Method 004 CAO7 

Device-Description Waters Acquity with with 3100 MS 
Column YMC Triart C18 
Column Dimension 2.0 x 30 mm 
Particle Size 1.9 m 

Gradient/Solvent % Sol H2O 0.1% % Sol Flow Temp 
Time min NH4OH) Acetonitrile ml/min C. 

O.O 95.0 S.O 1.5 6O.O 
0.75 O.1 99.9 1.5 6O.O 
O.8 O.1 99.9 1.5 600 
O.81 95.0 S.O 1.5 6O.O 
1.1 95.0 S.O 1.5 6O.O 
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LC-MS Method 005 CAO1 

Agilent 1100 with DAD, Waters Autosampler and MS-Detector Device-Description 
Column 
Column Dimension 
Particle Size 

Gradient Solvent 

Time min 

O.O 
1.2 
1.4 

49 

% Sol H2O 
0.1%TFA) 

98.0 
O.O 
O.O 
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Waters Sunfire C18 
3.0 x 30 mm 

2.5 m 

% Sol Flow Temp 
Acetonitrile ml/min C. 

2.0 2.O 6O.O 
1OOO 2.O 6O.O 
1OOO 2.O 6O.O 

LC-MS Method VOO1 003 

Waters Alliance with DAD and MSD Device-Description 
Column 
Column Dimension 
Particle Size 

Gradient Solvent 
Time min 

O.O 
O.20 
1.5 

% Sol H2O, 
0.1%TFA) 

95 
95 
O 

Waters XBridge C18 
4.6x30mm 

3.5 m 

% Sol Flow Temp 
Methanol ml/min C. 

5 4 60 
5 4 60 

100 4 60 
100 4 60 1.75 O 

LC-MS Method VOO1 007 

Waters Alliance with DAD and MSD Device-Description 
Column 
Column Dimension 
Particle Size 

Gradient Solvent 
Time min 

O.O 
1.6 
1.85 

% Sol H2O, 
0.1%TFA) 

95 
O 
O 

Waters XBridge C18 
4.6x30mm 

3.5 m 

% Sol Flow Temp 
Methanol ml/min C. 

5 4 60 
100 4 60 
100 4 60 

5 4 60 1.9 95 

LC-MS Method VOO3 003 

Waters Alliance with DAD and MSD Device-Description 
Column 
Column Dimension 
Particle Size 

Gradient Solvent 
Time min 

O.O 
O.2 
1.5 

% Sol (HO, 
0.1% NH, 

95 
95 
O 

Waters XBridge C18 
4.6x30mm 

3.5 m 

% Sol Flow Temp 
Methanol ml/min C. 

5 4 60 
5 4 60 

100 4 60 
100 4 60 1.75 O 

LC-MS Method VO11 SO1 

Waters Alliance with DAD and MSD Device-Description 
Column 
Column Dimension 
Particle Size 

Solvent Gradient 

time min 

O.O 
O.2 
1.6 
1.7 

% Sol (HO, 
0.1% NH) 

97 
97 
O 
O 

Waters XBridge C18 
4.6x30mm 

3.5 m 

% Sol Flow Temp 

Acetonitril ml/min C. 

3 5 60 
3 5 60 

100 5 60 
100 5 60 

50 



Device-Description 
Column Waters XBridge C18 
Column Dimension 4.6x30mm 
Particle Size 3.5 m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1%TFA) Acetonitril ml/min C. 

O.O 97 3 5 60 
O.2 97 3 5 60 
1.6 O 100 5 60 
1.7 O 100 5 60 

LC-MS Method VO18 SO1 

Device-Description Waters Alliance with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 4.6x30mm 
Particle Size 3.5 m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1%TFA) Acetonitril ml/min C. 

O.O 97 3 5 60 
O.2 97 3 5 60 
1.6 O 100 5 60 
1.7 O 100 5 60 

LC-MS Method WO18 SO1 

Device-Description Waters 1525 with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 4.6x30mm 
Particle Size 2.5 m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1%TFA) Acetonitril ml/min C. 

O.O 97 3 4 60 
O.15 97 3 3 60 
2.15 O 100 3 60 
2.20 O 100 4.5 60 
2.40 O 100 4.5 60 

LC-MS Method XOO1 002 

Device-Description Waters Acquity with DAD and MSD 
Column Waters XBridge BEHC18 
Column Dimension 2.1 x 30 mm 
Particle Size 1.7m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time min 0.10% TFA) Methanol ml/min C. 

O.O 99 1 1.3 60 
O.OS 99 1 1.3 60 
1.OS O 100 1.3 60 
1.2 O 100 1.3 60 

LC-MS Method XOO1 004 

Device-Description Waters Acquity with DAD and MSD 
Column Waters XBridge C18 
Column Dimension 2.1 x 20 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time min 0.10% TFA) Methanol ml/min C. 

O.O 95 5 1.4 60 
O.OS 95 5 1.4 60 
1.OO O 100 1.4 60 
1.1 O 100 1.4 60 
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LC-MS Method VO12 SO1 

Waters Alliance with DAD and MSD 
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LC-MS Method XOO2 002 

Device-Description Waters Acquity with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 2.1 x 30 mm 
Particle Size 2.5 m 

Gradient 
Solvent 
Time % Sol H2O, % Sol Flow Temp 
min 0.10% TFA) Methanol ml/min C. 

O.OO 99 1 1.2 60 
O.15 99 1 1.2 60 
1.10 O 100 1.2 60 
1.25 O 100 1.2 60 

LC-MS Method XO11 SO2 

Device-Description Waters Acquity with DAD and MSD 
Column Waters XBridge BEHC18 
Column Dimension 2.1 x 30 mm 
Particle Size 1.8 m 

Solvent 
Gradient % Sol H2O, % Sol Flow Temp 
time min 0.1% NH3) Acetonitril rnl/min C. 

O.OO 99 1 1.3 60 
O.O2 99 1 1.3 60 
1.OO O 100 1.3 60 
1.10 O 100 1.3 60 

LC-MS Method XO11 SO3 

Device-Description Waters Acquity with DAD and MSD 
Column Waters Xbridge BEHC18 
Column Dimension 2.1 x 30 mm 
Particle Size 1.7m 

Solvent Gradient % Sol H2O, % Sol Flow Temp 
time min 0.1% NH3) Acetonitril ml/min C. 

O.OO 95 5 1.3 60 
O.O2 95 5 1.3 60 
1.OO O 100 1.3 60 
1.10 O 100 1.3 60 

LC-MS Method XO12 SO1 

Device-Description Waters Acquity with DAD and MSD 
Column Waters XBridge BEHC18 
Column Dimension 2.1 x 30 mm 
Particle Size 1.7m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1%TFA) Acetonitril ml/min C. 

O.O 99 1 1.6 60 
O.O2 99 1 1.6 60 
1.OO O 100 1.6 60 
1.10 O 100 1.6 60 

LC-MS Method XO12 SO2 

Device-Description Waters Acquity with DAD and MSD 
Column Waters XBridge BEHC18 
Column Dimension 2.1 x 30 mm 
Particle Size 1.7m 

Solvent % Sol 
Gradient time H2O, % Sol Flow Temp 

min 0.1%TFA) Acetonitril ml/min C. 

O.O 99 1 1.3 60 
O.O2 99 1 1.3 60 
1.OO O 100 1.3 60 
1.10 O 100 1.3 60 
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Device-Description 
Column 
Column Dimension 
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LC-MS Method XO16 SO1 

Waters Acquity with DAD and MSD 
Waters XBridge BEH Phenyl 
2.1 x 30 mm 

Particle Size 1.7m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1%TFA) Acetonitril ml/min C. 

O.O 99 1 1.6 60 
O.O2 99 1 1.6 60 
1.OO O 100 1.6 60 
1.10 O 100 1.6 60 

LC-MS Method XO18 SO1 

Device-Description Waters Acquity with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 2.1 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time min 0.1%TFA) Acetonitril ml/min C. 

O.O 99 1 1.5 60 
O.O2 99 1 1.5 60 
1.OO O 100 1.5 60 
1.10 O 100 1.5 60 

LC-MS Method XO18 SO2 

Device-Description Waters Acquity with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 2.1 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time min 0.1%TFA) Acetonitril ml/min C. 

O.O 99 1 1.3 60 
O.O2 99 1 13 60 
1.OO O 100 1.3 60 
1.10 O 100 1.3 60 

LC-MS Method ZOO1 002 

Device-Description Agilent 1200 with DAD and MSD 
Column Waters XBridge C18 
Column Dimension 3 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time min 0.1%TFA) Methanol ml/min C. 

O.O 95 5 2.2 60 
O.OS 95 5 2.2 60 
140 O 100 2.2 60 
18O O 100 2.2 60 

LC-MS Method Z011, SO3 

Device-Description Agilent 1200 with DAD and MSD 
Column Waters XBridge C18 
Column Dimension 3 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time mm 0.1% NH3) Acetonitril ml/min C. 

O.OO 97 3 2.2 60 
O.20 97 3 2.2 60 
1.20 O 100 2.2 60 
1.25 O 100 3 60 
140 O 100 3 60 
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Device-Description 
Column Waters XBridge C18 
Column Dimension 3 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time min 0.1% NH3) Acetonitril ml/min C. 

O.OO 50 50 2.2 60 
O.20 50 50 2.2 60 
1.20 O 100 2.2 60 
1.25 O 100 3 60 
140 O 100 3 60 

LC-MS Method Z012 SO4 

Device-Description Agilent 1200 with DAD and MSD 
Column Waters XBridge C18 
Column Dimension 3 x 30 mm 
Particle Size 2.5 m 

Gradient Solvent % Sol (HO, % Sol Flow Temp 
Time min 0.1% NH3) Acetonitril ml/min C. 

O.OO 97 3 2.2 60 
O.20 97 3 2.2 60 
1.20 O 100 2.2 60 
1.25 O 100 3 60 
140 O 100 3 60 

LC-MS Method ZO18 SO4 

Device-Description Agilent 1200 with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 3 x 30 mm 
Particle Size 2.5 m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1%TFA) Acetonitril ml/min C. 

O.OO 97 3 2.2 60 
O.20 97 3 2.2 60 
1.20 O 100 2.2 60 
1.25 O 100 3 60 
140 O 100 3 60 

LC-MS Method ZO2O SO1 

Device-Description Agilent 1200 with DAD and MSD 
Column Waters Sunfire C18 
Column Dimension 3 x 30 mm 
Particle Size 2.5 m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1% FA Acetonitril ml/min C. 

O.OO 97 3 2.2 60 
O.20 97 3 2.2 60 
1.20 O 100 2.2 60 
1.25 O 100 3 60 
140 O 100 3 60 

LC-MS Method VOO1 007 

Device-Description Waters Alliance with DA- and MS-Detector 
Column XBridge C18 
Column Dimension 4.6x30mm 
Particle Size 3.5 m 

Solvent Gradient % Sol (HO, % Sol Flow Temp 
time min 0.1% FA Methanol ml/min C. 

O.O 95 5 4.0 60 
1.6 O 100 4.0 60 
1.85 O 100 4.0 60 
1.9 95 5 4.0 60 
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LC-MS Method Z011 UO3 

Agilent 1200 with DAD and MSD 
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Device-Description 
Column 
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LC-MS Method I ADH 15 MEOH DEA.M 

Agilent 1260 SFC with DAD 
Daicel Chiralpak AD-H 

Column Dimension 4.6 x 250 mm 
Particle Size 5 Lim 

Solvent % Sol 
Gradient Methanol, 
time % Sol O.2% Flow Temp Backpressure 
min scCO2 Diethylamine ml/min C. bar 

O.OO 85 15 4 40 150 
10.00 85 15 4 40 150 

LC-MS Method I OJH 10 IPROP DEA.M 

Device-Description Agilent 1260 SFC with DAD 
Column Daice Chiralcel OJ-H 
Column Dimension 4.6 x 250 mm 
Particle Size 5 Lim 

Solvent % Sol 
Gradient Isopropanol, 
time % Sol O.2% Flow Temp Backpressure 
min scCO2) Diethylamine ml/min C. bar 

O.OO 90 10 4 40 150 
10.00 90 10 4 40 150 

LC-MS Method I IC 20 MEOH NH3.M 

Device-Description Agilent 1260 SFC with DAD and MSD 
Column Daicel Chiralpak IC 
Column Dimension 4.6 x 250 mm 
Particle Size 5 Lim 

Solvent % Sol 
Gradient time % Sol 20 rnM NH3 in Flow Temp Backpressure 

min scCO2) Methanol ml/min C. bar 

O.OO 8O 2O 4 40 150 
10.00 8O 2O 4 40 150 

LC-MS Method I ADH4O MEOH DEA.M 

Device-Description Agilent 1260 SFC with DAD 
Column ID aicel Chiralpak AD-H 
Column Dimension 4.6 x 250 mm 
Particle Size 5 Lim 

Solvent % Sol 
Gradient Methanol, 
time % Sol O.2% Flow Temp Backpressure 
min scCO2 Diethylamine ml/min C. bar 

O.OO 60 40 4 40 150 
10.00 60 40 4 40 150 

LC-MS Method I ASH 30 1 OMIN SS4PM 

Device-Description Berger SFC Analytix with DAD 
Column Daicel Chiralpak AS-H 
Column Dimension 4.6 x 250 mm 
Particle Size 5 Lim 

Solvent % Sol 
Gradient time % Sol Ethanol, 0.2% Flow Temp Backpressure 

min scCO2 Diethylamine ml/min C. bar 

O.OO 70 30 4 40 120 
10.00 70 30 4 40 120 
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LC-MS Method I OJH 10 MEOH DEA.M 

Device-Description Agilent 1260 SFC with DAD 
Column Daice Chiralcel OJ-H 
Column Dimension 4.6 x 250 mm 
Particle Size 5 Lim 

Solvent % Sol 
Gradient Methanol, 
time % Sol O.2% Flow 
min scCO2) Diethylamine ml/min 

O.OO 90 10 4 
10.00 90 10 4 

Mixture of Stereoisomers can be separated on preparative 
scale by one of the following chiral SFC methods. 2x 
describes two columns switched in a row. 
Methode: Chiral SFC A 
Column: 2x Daicel Chiralpak AD-H 5um 20x250 mm 
Eluent: 85% scCO, 15% Methanol 0.2% Diethylamine 
Flow: 55 mL/min 
Temperature: 40° C. 
Backpressure: 120 bar 
Wavelength: 254 nm 
Concentration: 52 mg/ml in Methanol 
Injection volume: 300 ul 
Device-Description: Thar MultiGram II 
Methode: Chiral SFC B 
Column: 2x Chiralcel OJ-H 5um, 20x250 mm 
Eluent: 90% scCO, 10% Isopropanol 0.2% Diethylamine 
Flow: 60 mL/min 
Temperature: 40° C. 
Backpressure: 150 bar 
Wavelength: 254 nm 
Concentration: 50 mg/ml in Methanol 
Injection volume: 200 ul 
Device-Description: Jasco Rockclaw 150 
Methode: Chiral SFC C 
Column: 2x Daicel Chiralpak AD-H 5um, 10x250 mm 
Eluent: 85% scCO, 15% Methanol 0.2% Diethylamine 
Flow: 10 mL/min 
Temperature: 40° C. 
Backpressure: 120 bar 
Wavelength: 254 nm 
Concentration: 15 mg/ml in Methanol 
Injection volume: 100 ul 
Device-Description: Thar MiniGram 
Methode: Chiral SFC D 
Column: 1x Daicel Chiralpak AD-H, 5um, 20x250 mm 
Eluent: 60% scCO, 40% Methanol 0.2% Diethylamine 
Flow: 60 mL/min 
Temperature: 40° C. 
Backpressure: 120 bar 
Wavelength: 254 nm 
Concentration: 50 mg/ml in Methanol 
Injection volume: 400 ul 
Device-Description: Thar MultiGram II 
Methode: Chiral SFC E 
Column: 2x Daicel Chiralpak AS-H 5um, 20x250 mm 
Eluent: 70% CO, 30% Ethanol 0.2% Diethylamine 
Flow: 55 mL/min 
Temperature: 40° C. 
Backpressure: 120 bar 
Wavelength: 254 nm 
Concentration: 100 mg/ml in Methanol 
Injection volume: 200 ul 
Device-Description: Thar MultiGram II 
Methode: Chiral SFC F 
Column: Daicel Chiralpak IC 5um, 20x250 mm 
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Temp Backpressure 
C. bar 

40 150 
40 150 

Eluent: 85% scCO, 15% Ethanol 
Flow: 60 mL/min 
Temperature: 40° C. 
Backpressure: 150 bar 
Wavelength: 254 nm 
Concentration: 35 mg/ml in Methanol 
Injection volume: 500 ul 
Device-Description: Sepiatec Prep SFC 100 
Methode: Chiral SFC G 
Column: Chiralpak AY-10 um, 50x300mm 
Eluent: A for CO, and B for ethanol: n-heptane=1:1 
Gradient: B 10% 
Flow: 170 mL/min 
Temperature: 38°C. 
Backpressure: 100 bar 
Wavelength: 220 mm 
Concentration: 300 mg/ml in ethanol 
Injection volume: 4 mL per injection 
Cycletime: 3.5 min 
Device-Description: Thar 200 preparative SFC 
Synthesis Methods: 
Method A 

Synthesis of (1S,2S.4R)—N-(1S)-1-cyano-2-2- 
fluoro-4-(2-methylisoindolin-5-yl)phenylethyl-3- 

aZabicyclo2.2.1]heptane-2-carboxamide 

Example 1 

> -sul p- l 1 
O 

F Br 

R1 

O B 

> O O ult N 
O Nus 

R3 

F Br 
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O 10 Hos 
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N NY \ Example 1 
O 

k a Step 1: Synthesis of Intermediate I-11 
R1 (20.0 g, 55 mmol) is suspended in DCM (400 mL) and 

R5 a solution of R2 (26.4g, 111 mmol) dissolved in DCM is 
added. The reaction mixture is stirred for 12 h under argon 
atmosphere. The reaction mixture is washed with water. The 
organic layer is dried over MgSO4, filtrated and concentrated. 

* The residue is dissolved in DCM, filtrated by flash chroma 
tography (using solvent mixture cyclohexane/ethyl 
acetate-70/30) and concentrated to give I-1.1. Yield 97% m/z. 
287/343 M+H+, rt 1.29 min, LC-MS Method X012 S01. 

I-1.4 The following intermediate as shown in Table 2 is synthe 
sized in a similar fashion from the appropriate intermediates: 

TABLE 2 

mz LC-MS 

Intermediate Educt Structure IM+ H+ rt (min) method 

I-1.1.1 R1.1 H N 391 1.29 VO12 SO1 

"S Rué 
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Step 2: Synthesis of Intermediate I-1.2 
To I-1.1 (5.80 g, 17 mmol) in anhydrous dioxane (60 mL) 

R3 (5.20 g, 20 mmol) and potassium acetate (4.98 g. 51 
mmol) are added. The mixture is purged with argon, 1.1'-Bis 
(diphenylphosphino) ferrocenedichloropalladium(II) (PdCl2 
(dppf)) (1.38 g, 1.7 mmol) is added to the mixture and heated 
to 80° C. for 2 h. DCM is added and the mixture is filtrated. 
The filtrate is diluted with water and extracted with DCM. 
The organic layer is dried over MgSO filtrated and concen 
trated. The residue is purified by flash chromatography (cy 
clohexane/ethyl acetate-8/2) and concentrated. Yield 97% 
m/Z 291/335/391 M+H+, rt 1.36 min, LC-MS Method 
V012 SO1. 

10 

66 
Step 3: Synthesis of Intermediate I-1.3 

I-1.2 (1.22 g, 5 mmol) and R4 (2.30 g, 5.9 mmol) are 
dissolved in acetonitrile (25 mL). NaCO-solution (2 mol/L, 
4.9 mL) and 1,1'-Bis(di-tert-butylphosphino) ferrocene-palla 
dium dichloride (319 mg, 0.49 mmol) are added. The reaction 
mixture is stirred at 80° C. for 1 h. The crude mixture is 
extracted with ethyl acetate, washed with half saturated brine. 
The organic layer is dried over MgSO filtrated and concen 
trated and the residue is purified by reversed phase HPLC. 
Yield 59%, m/z 396 M+H+, rt 0.96 min, LC-MS Method 
V012 SO1. 
The following intermediates as shown in Table 3 are syn 

thesized in a similar fashion from the appropriate intermedi 
ates: 

TABLE 3 

mz LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ rt (min) method 

I-1.3.1 I-1.1.1, 444 1.21 VO18 SO1 

direct O 
coupling H 
with N 

boronic 
ester R7.3 O Y = N 

F ( ) 

A. SOMe 
N 

I-1.3.2 I-1.2 446 1.18 VO12 SO1 

O 
H 
N 

O \ =N 

F ( ) 
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TABLE 3-continued 

mz LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ rt (min) method 

I-13.3 I-1.1, H N 444 1.14 VO11 SO1 

direct O Rué coupling 
with 

boronic O 
ester R7.1 

F 

S n N 
SOMe 

Step 4: Synthesis of Intermediate I-1.4 78%. m/z 296 M+H+, rt 1.03 min, LC-MS Method 
I-1.3 (1.15g, 2.91 mmol) is dissolved in acetonitrile. 1.39 20 V011 S01. 

gp-toluenesulfonic acid monohydrate is added and stirred for 
The following intermediates as shown in Table 4 are syn 48 h. The precipitate is filtered off, dissolved in ethyl acetate 

and washed with saturated NaHCO-solution. The organic thesized in a similar fashion from the appropriate intermedi 
layer is dried over MgSO filtrated and concentrated. Yield ates: 

TABLE 4 

mz LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ rt (min) method 

I-1.4.1 I-1.3.1 2N 344 0.76 VO18 SO1 

H.N.-6 

F 

SOMe 

N 

I-1.4.2 I-1.3.2 2 N 346 0.96 VO11 SO1 

H.N.-6 

F 

O 

% 
/ So 
N 
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TABLE 4-continued 

miz LC-MS 
Intermediate Educt Structure of Intermediate M + H+ rt (min) method 

I-1.4.3 I-13.3 N 344 0.77 VO18 SO1 

H.NN-6 

N N 
SOMe 

Step 5: Synthesis of Intermediate I-1.5 
To R5 (purchased from Aldrich or synthesized in analogy 20 

to Tararov et al. Tetrahedron Asymmetry 13 (2002), 25-28) 
(98 mg, 0.4 mmol) in DMF (1.5 mL) diisopropylethylamine 
(0.18 mL, 1.0 mmol) and HATU (154 mg., 0.4 mmol) are 
added and the reaction mixture is stirred for 15 min. Then 
intermediate I-1.4 (100 mg, 0.3 mmol) is added and the mix 
ture is stirred for 12 h. DCM is added and the mixture is 

washed with saturated Na2CO3 solution. The organic layer is 
dried over MgSO, filtrated, and the residue is concentrated. 
Then the residue is purified by reversed phase HPLC. Yield 
68%, m/z. 419/463/518 M+H+, rt 1.29 min, LC-MS Method 
V011 S01. 
The following intermediates as shown in Table 5 are syn 

thesized in a similar fashion from the appropriate intermedi 
ates: 

TABLE 5 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-15.1 I-1.4.1 567 1.24 VO18 SO1 

H N 

Rué N 

O E 

O O 

As F O 
SOMe 

N 

I-15.2 I-1.4.2 569 1.24 VO11 SO1 

N H Rué N 

O E 

O O 

As F 
O 

4. 
/ So 
N 
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TABLE 5-continued 

Intermediate Educt Structure of Intermediate 

I-15.3 I-1.4.3 

N 

Rué 

Step 6: Synthesis of Example 1 

To I-1.5 (120 mg 0.23 mmol) in acetonitrile, p-toluene 
sulfonic acid monohydrate (110 mg, 0.58 mmol) is added and 
stirred for 3 d. The reaction solution is purified by reversed 
phase HPLC. Yield 47%, m/z. 419 M+H+, rt 1.16 min, 
LC-MS Method V011 S01. 
Method A1 

Synthesis of (1S,2S.4R) N-(1S)-1-cyano-2-2- 
fluoro-4-(1-methyl-2-oxo-indolin-6-yl)phenyl 

ethyl-3-azabicyclo[2.2.1]heptane-2-carboxamide 

Example 2 

O 

-S-e- 

F Br 

R6 

O 

Y-( ; 1 
U \ OS, NH2 O N 

A. F Br 
I-2.1 

25 

30 

35 

40 

45 

50 

55 

60 

65 

mz rt LC-MS 

IM+ H+ (min) method 

567 1.14 VO11 SO1 

-continued 

Example 2 

Step 1: Synthesis of Intermediate I-2.1 
To R5 (7.59 g, 31 mmol) in DCM (300 mL) diisopropyl 

ethylamine (4.8 mL, 28 mmol) and HATU (11.5 g., 30 mmol) 
are added and stirred for 25 min. Then R6 (10.4g, 28 mmol) 
and diisopropylethylamine (7.2 mL, 42 mmol) are added and 
stirred for 3 h. The solvent is evaporated, dissolved in ethyl 
acetate and washed with water, 0.5 M HCl and aq. NaHCO3 
solution (10%). The organic layer is dried over MgSO fil 
trated and concentrated. The residue is purified by flash chro 
matography (using solvent mixture DCM/methanol=95/5). 
Yield >95%, m/z. 484 M+H+, rt 1.18 min, LC-MS Method 
V011 S01. 
The following intermediates as shown in Table 6 are syn 

thesized in a similar fashion from the appropriate intermedi 
ate: 
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TABLE 6 

mz rt LC-MS 
Intermediate Structure IM+ H+ (min) method 

I-2.1.1 O 496 0.95 ZO18 SO4 

O 

c -sus, 

I-2.1.2 O 484/486 0.71 XO18 SO2 
NH2 

Nulls N 
O 

N O 
Br 

440 0.55 Z011, SO3 

O 1. O O 
s NH 2 

Step 2: Synthesis of Intermediate I-2.2 45 trated. The residue is recrystallized from DCM and acetoni 
To I-2.1 (12.7g, 26 mmol) in DCM (130 mL) R2 (12.5g, trile. Yield 64% m/z. 466 M+H+, rt 1.30 min, LC-MS 

52 mmol) is added. The reaction mixture is stirred for 12 h. Method V011 S01. 
The solvent is evaporated, dissolved in ethyl acetate and The following intermediates as shown in Table 7 are syn 
washed with water, 0.1 M HCl and aq. NaHCO3 solution thesized in a similar fashion from the appropriate intermedi 
(5%). The organic layer is dried over MgSO and concen- ate: 

TABLE 7 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-2.2.1 I-2.1.1 O 478 1.03 ZO18 SO4 

H 
N 

NY 
O 

SC F Br 
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TABLE 7-continued 

Structure of Intermediate Intermediate Educt 

I-2.2.3 I-2.1.2 O 

SC 
Synthesis of Intermediate I-2.2.2 

O 
Br 

Nué 

Synthesis of tert-butyl (1S,2S,4R)-2-(1S)-2-amino 
1-2,3-difluoro-4-trifluoromethylsulfonyl oxy)phe 
nyl)methyl-2-oxo-ethylcarbamoyl-3-azabicyclo 

2.2.1]heptane-3-carboxylate 

R R 
"Skin-S' 

O F F F F 
H Null N NH2 

-N O O R18 

1-2.2.2 

76 

LC-MS 
method 

mz t 

M + H+ (min) 

466/468 1.27 VO11 SO1 

The phenol I-2.1.3 is transformed into the corresponding 
trifluoromethanesulfonate I-2.2.2: I.2.1.3 (200 mg, 0.46 

20 mmol) is dissolved in anhydrous DCM (1.5 mL). Triethy 
lamine (95uIL, 0.69 mmol) is added and the reaction mixture 
is cooled to 0°C. R18 (179 mg, 0.50 mmol) is then added and 
the mixture was stirred at 0°C. for 90 minutes and additional 

25 12 hat room temperature. The mixture is concentrated and the 
residue is purified by reversed phase HPLC. Yield 85%, m/z 
472 M+H-BOC+, rt 0.97 min, LC-MS Method Z011 S03. 

30 

Step 3: Synthesis of Intermediate I-23 

40 

To I-2.2 (5.00 g, 10 mmol) in acetonitrile (100 mL) R7 
(3.07 g., 11 mmol) is added. The mixture is purged with argon, 

45 1,1-Bis(di-tert-butylphosphino)ferrocene palladium dichlo 
ride (0.70 g, 1.1 mmol) and aq. Sodium carbonate solution (2 
mol/L, 1.07 mL) are added and the mixture is heated to 70° C. 
for 3.5 h. Ethyl acetate and water are added to the reaction 

" mixture. The organic layer is washed with aq. NaHCO3 solu 
tion (5%) and water. The organic layer is dried over MgSO 
and concentrated. The residue is purified by flash chromatog 

ss raphy (cyclohexane/ethyl acetate=1/1). Yield 41% m/z 533 
M+H+, rt 1.25 min, LC-MS Method V011 S01. 

O 

60 

The following intermediates as shown in Table 8 are syn 
thesized in a similar fashion from the appropriate intermedi 

65 
ates ((R.S)=1:1 mixture of stereoisomers at the carbon adja 
cent to the nitrile group): 
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TABLE 8 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-2.3.1 I-2.2 S60 0.76 XO18 SO1 

I-2.3.2 I-2.2 O CH 528 0.88 004 CAO1 
/ 

N O 

O f| o 

N 

N F 
O CH3 

K. 
CH3 

I-23.3 I-2.2 N 470 0.90 004 CA05 

O f W S 

N1% 2 
N H 2. 

y 
F 

O 

YK. 
HC CH 

I-2.3.4 I-2.2 N 510 0.87 004 CA05 

O f| N 
\ CH3 

N-N 
N % CH 

N CH y 
F 

O 
CH 

CH3 

  





Intermediate 

I-2310 

I-2.3.11 

I-2312 

I-23.13 

I-2.3.14 

Educt 

I-2.2 

I-2.2 

I-2.2 

I-2.2.1 

I-2.2 
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TABLE 8-continued 

mz 

Structure of Intermediate 

N 470 

O W S \ 

N N 
N H % 

y 
F 

O 

YK Hd CH3 

N HC 539 

N 482 

O 407 

p CH3 499 
O | S 

N \ 
N w 
H % N 

O 

IM+ H+ (min) 
rt LC-MS 

method 

0.91 004 CA05 

0.66 004 CA05 

0.75 004 CA05 

1.03 ZO18 SO4 

0.86 004 CA05 
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TABLE 8-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-2315 I-2.2 O 438 0.94 XO18 SO4 
M+H - 

N BOC+ H Suá F 

O 

I-23.16 I-2.2 O 552 0.77 004 CA05 

I-23.17 I-2.2 556 0.91 XO18 SO4 

I-23.18 I-2.2 518 0.89 004 CA05 

  





Intermediate Educt 

I-2.3.24 I-2.2.1 

I-23.25 I-2.2 

I-2326 I-2.2 

I-23.27 I-2.2 

I-2328 I-2.2 

87 
US 8,987,249 B2 

TABLE 8-continued 

Structure of Intermediate 

CH 

mz rt LC-MS 

IM+ H+ (min) method 

530 1.02 ZO18 SO4 

512 0.83 004 CAO1 

354 1.02 ZO18 SO4 

530 0.91 004 CAO1 

499 0.82 004 CA05 
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TABLE 8-continued 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.29 I-2.2 O 395 1.02 ZO18 SO4 
M+H - 

N BOC+ H Rué F 

I-23.30 I-2.2 S60 0.76 XO18 SO1 

I-23.31 I-2.2 N 468 O.9 004 CAO1 

O f| 

N 
N 

N o 
NY CH F 

O CH3 

K. 
CH3 

I-2332 I-2.2.1 O 397 0.97 ZO18 SO4 

N H Rué 
N 

H3C O 

CH F e 
CH3 N 
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TABLE 8-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.37 I-2.2 N 468 0.69 004 CAO1 
O H W f 

482 0.78 004 CAO1 

O W / \ 

O 

X-ch 
H3C CH3 

I-2339 I-2.2.1 O 411 1.01 ZO18 SO4 

N H Rué 
N" 

HC O 
S CH3 

CH F 
CH A 

N 

I-23.40 I-2.2 O 3S4 O.87 ZO18 SO4 

N H Rué 

514 0.44 004 CA05 

9 W / \ O 
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TABLE 8-continued 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23-47 I-2.2.1 O 547 0.83 004 CA05 

N X= O 
|| N 

V 
CH3 

N '', 
H 

N F 

X= O 
O 

X-ch 
HC CH 

I-23.48 I-2.2.1 O 519 O.71 004 CA05 

N 

O 

N ''', 
H 

N F 

y 
O 

YK CH 
I-23.49 I-2.2.1 "se 533 0.77 004 CA05 

NH 

N 

O 

N1", 
H 

N F 

y 
O 

Y- CH3 
CH3 HC 

N 

O F 

N1", 
H 

N F 

y 
O 

YK. CH3 

I-23.50 I-2.2.1 N 519 0.89 004 CA05 
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TABLE 8-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.51 I-2.2.1 O y H. S4O O.9 004 CA05 
O 

e 
N S 

| S. 
O 

N ''', 
H 

N F 

X= O 
O 

CH3 

H3C CH3 

I-23.52 I-2.2.1 O 531 0.74 004 CA05 

NH 

N 

|| 
N ''', 
H 

N F 

)= O 
O 

X-ch, 
H3C CH3 

I-23.53 I-2.2.1 530 0.81 004 CAOS 
e 

N N-CH 

CH 

H3C CH3 
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TABLE 8-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.54 I-2.2.1 O 555 0.72 004 CA05 
| NH $3 no 

N 

O 

N o, 
H 

N F 

y 
O 

YK 
H3C CH3 

I-23.SS I-2.2.1 eN 530 0.85 004 CA05 

\ 
YCH, 

N 

O 

N ''', 
H 

N F 

)=0 
O 

CH 

H3C CH3 

I-23.56 I-2.2.1 "y 494 0.79 004 CA05 

N 
N 

N / || 
N '', 
H 

N F 

y 
O 
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TABLE 8-continued 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.57 I-2.2.1 569 0.71 004 CA05 
CH 

O N1 so 
H 

N ''', 
H 

N F 

y 
O 

YK 
H3C CH 

I-23.58 I-2.2.1 O 569 0.66 004 CA05 

HCN, 29 
NH 

N 

O 

N '', 
H 

N F 

>= O 
O 

CH3 

H3C CH3 

I-23.59 I-2.2.1 CH 554 0.79 004 CA05 

e 
so 

N 

O 

N ''', 
H 

N F 

y 
O 

Ya CH 
H3C CH3 

I-23.60 I-2.2.1 N 502 0.81 004 CA05 a 
N 

N 
N 

O 2 

N '', 
H 

N F 

)— O 
O 

CH3 

HC CH 
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TABLE 8-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.61 I-2.2.1 555 0.74 004 CA05 

2 O S 
| YNH, 

'' O 
N1 '', 
H 

N F 

O 

O 

CH 

HC CH 

I-23.62 I-2.2.1 554 0.79 004 CA05 

I-23.63 I-2.2.1 C 511 0.87 004 CA05 

CH3 

HC CH 

I-2.3.64 I-2.2.1 519 0.73 004 CA05 

N 

| O 
O 

N1", NH2 
H 

N F 

y 
O 

Ya CH 
CH3 
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TABLE 8-continued 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.65 I-2.2.1 531 0.71 004 CA05 

O 

N 

|| 
N '', 
H 

N F 

)=0 
O 

X-ch 
H3C CH3 

I-23.66 I-2.2.1 545 0.74 004 CA05 
NH 

O 

|| 
N 
H 

N F 

)=o 
O 

X-ch 
HC CH 

I-23.67 I-2.2.1 y H. 545 0.76 004 CA05 
N 

O 

N 

|| 
N ''', 
H 

F 
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TABLE 8-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.68 I-2.2.1 -CH3 569 O.79 004 CA05 
HN 

S 29 
Sa no 

N 

O 

N '', 
H 

N F 

)=0 
O 

CH3 

H3C CH3 

I-23.69 I-2.2.1 O 568 0.82 004 CA05 

e 
N 

O 

N '', 
H 

N F 

y 
y 

I-23.70 I-2.2 O 460 0.97 XO18 SO4 
M+H - 
BOC+ 
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TABLE 8-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.71 I-2.2 468 1.00 XO18 SO4 
M+H - 
BOC+ 

OESEO 

I-23.72 I-2.2 577 n.d. n.d. 

I-23.73 I-2.2 561, n.d. n.d. 

I-23.74 I-2.2.2 469 O.89 ZO18 SO4 

1. 

  

  





Intermediate 

I-23.79 

I-23.80 

Educt 

I-2.2 

I-2.2 

I-23.81 I-2.2 
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TABLE 8-continued 

Structure of Intermediate 

H 2N al N-1 
O 

O O 

-N 

mz rt LC-MS 

IM+ H+ (min) method 

626 0.54 XO12 SO1 

398 0.89 ZO18 SO4 
(M+H - 
BOC)+ 

398 0.89 n.d. 
(M+H - 
BOC)+ 
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TABLE 8-continued 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.82 I-2.2 O 508 0.94 ZO18 SO4 

H 2N N 2 
N-6 F 

NY 
Sk 

I-23.83 I-2.2 n.d. n.d. n.d. 

H 2N N 2 
N sué 
ls O 

O O 

-N F 21 
N 

During the synthesis of intermediates I-2.3.17 and I-2.3.29 -continued 
the bromide (I-2.2) is transformed into the corresponding is 

N dioxaborolane compound. Coupling with aromatic bromides Nuá 
is performed in analogy to the synthesis of intermediate I-1.3 N 

(method A). -N A 
Intermediate I-2.3.43 is further processed via hydrogena- 50 O O 

tion before the BOC group is removed (step 4) A 
F 

N 
N 

55 
H 2 N I-2.3.43.1 
N 2 

N N-6 
ls i To I-2.3.43 (90 mg, 0.19 mmol) in methanol (10 mL) Pd/C 
O O O --- 60 (10%, 20 mg) is added. The reaction mixture is stirred under 

hydrogen (50 psi) for 3 h. Then the mixture is filtered and 
F 21 concentrated. The crude product is carried on with step 4. 

Yield >95% 
N 
N 65 

I-2.3.43 In analogy the following intermediates as shown in Table 9 
are prepared. 
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TABLE 9 

mz t LC-MS 
Structure IM+ H+ (min) method Intermediate educt 

I-23432 I-32.78 O 517 0.47. XO12 SO2 

Nulls N 
N N 

O O 
O E 

CH 

s 
I-23.43.3 I-23.83 S61 n.d. n.d. 

N 

Suá N 

ul O O 

HC CH F 
CH3 

N 

Intermediates I-2.3.74-78 and I-2.3.43.2 are converted to 
the corresponding nitriles in analogy to step 2 of method Al 
to yield the compounds in the following Table 10. 

TABLE 10 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-23.741 I-23.74 451 0.98 ZO18 SO1 
M+H - 
BOC+ 

N 

O 
O O 

-N 

I-2.3.75.1 I-2.3.75 460 

N (M+ H+)- 
H BOC Rua N 

ls O E 
O 

-N 

0.96 ZO18 S04 

O 

SOMe 
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The intermediate I-2.3.7 is combined with appropriate 
halogenides or acid chlorides before (in step 4) the BOC 
group is removed 

10 

N N -( 
-la. / 15 

-\- 
R17 

Nué 

I-2.3.7 

124 
-continued 

- ) / 
To I-2.3.7 (45 mg, 0.10 mmol) and R17 (19 ul, 0.20 mmol) 

in DMF (1.5 mL) potassium carbonate (42 mg, 0.30 mmol) is 
added. The reaction mixture is heated to 80°C. for 12 h. The 

I-2.3.7.1 

" mixture is purified directly by reversed phase HPLC. Yield 
65%, m/z 526 M+H+, rt 0.71 min, LC-MS Method 
XO18 S01. 
The following intermediates as shown in Table 11 are syn 

thesized in a similar fashion from the appropriate intermedi 
ates: 

TABLE 11 

mz rt LC-MS 

Intermediate educt Structure of Intermediate IM+ H+ (min) method 

I-2.3.7.3 I-2.3.7 

O O 

HC 
C 

I-2.3.7.4 I-2.3.7 

H Rué N 

1s O E 

CH 
H3 

496 0.77 XO18 SO1 

538 0.72 XO18 SO1 
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TABLE 1 1-continued 

mz rt LC-MS 

IM+ H+ (min) method Structure of Intermediate Intermediate educt 

552 0.79 XO18 SO1 I-2.3.7.5 I-2.3.7 

I-2.3.7.6 I-2.3.7 512 0.72 XO18 SO1 

438 1.11 XO18 SO1 
M+H - 
BOC+ 

I-2.3.7.7 I-2.3.7 

I-237.8 I-2.3.7 593 0.69 XO18 SO1 
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TABLE 1 1-continued 

mz rt LC-MS 
Intermediate educt Structure of Intermediate IM+ H+ (min) method 

I-23.79 I-2.3.7 566 0.79 XO18 SO1 

N H Rué N 

-N O E 
O O O 

HC CH F 
CH 

3 e 

N 
S. M 

N O 

526 0.75 XO18 SO1 I-2.3.7.10 I-2.3.7 

N H Rué N 

-N O E 
O O 

HC CH F 
O 

N CH3 
S. M 

N O 

I-2.3.7.11 I-2.3.7 494 

N (M+H - 
H BOC)-- 

Rué ) N 

1. O E 
O O 

-A- F e 

1.03 ZO18 SO4 

5 
Intermediate I-2.3.7.4 is separated according to method 

4 
The reaction conditions for I-2.3.7.11 differ: Pyridine and 

chiral SFC B to give the following intermediates as shown in dichlormethane instead of potassium carbonate and DMF is 
used. Table 11.1 

TABLE 1.1.1 

mz rt 
Intermediate Educt Structure of Intermediate IM+ H+ (min) LC-MS method 

I-2.3.7.4.1 I-237.4 n.d. 3.90 I OJH 10 IPROP DEA.M 

N H Rué N 

1s O E 
O O 

HC CH F e 
CH N 

S. M 
N 
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TABLE 11.1-continued 

mz t 
IM+ H+ (min) LC-MS method Intermediate Educt Structure of Intermediate 

I-23.74.2 I-2.3.7.4 O n.d. 3.4 IOJH 10 IPROP DEA.M 

N 

N-1 

Step 4: Synthesis of Example 2 Method A2.1 

To I-2.3 (2.35 g, 4.4 mmol) in acetonitrile (50 mL) sodium 
iodide (1.98 g. 13 mmol) and chlorotrimethylsilane (1.44 g. 
13 mmol) are added. The mixture is stirred for 1 h, then 
methanol is added, stirred for additional 30 min and then 25 
concentrated. The residue is purified by reversed phase 
HPLC. Yield 47%, m/z 433 M+H+, rt 0.59 min, LC-MS 
Method X011 S01. 

Synthesis of (1S,2S.4R)—N-(1S)-1-cyano-2-2- 
fluoro-4-(1-oxo-3H-isobenzofuran-5-yl)phenyl 
ethyl-3-azabicyclo[2.2.1]heptane-2-carboxamide 

Example 3 

O B 

r No 
O 

O 

H Null N NH2 
: R3 

-N O O O 

I-2.1 

O 

Nulls N 
N NH2 Br 

ls E O 

I-3.1 
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-continued 
O 

Null N 
N NH2 

-N O E 
O O 

X- F 

I-3.2 

Rua N 

-N O 
O O He 

-N F O 

I-3.3 

35 

Step 1: Synthesis of Intermediate I-3.1 
To I-2.1 (1.00g, 2.1 mmol) in dioxane (5 mL) R3 (0.58 g. 

2.3 mmol) is added. The mixture is purged with argon. 1,1'- 
Bis(diphenylphosphino)ferrocenedichloropalladium(II) as a 
complex with dichloromethane (34 mg., 0.04 mmol) and 40 
potassium acetate (0.39 g, 3.9 mmol) are added. The mixture 
is heated to 100° C. for 12 h. Water is added to the reaction 
mixture, which is extracted with diethyl ether. The organic 
layer is washed with brine, dried over MgSO, filtrated and 
concentrated. Yield 74% m/z 532 M+H+ 
The following intermediates as shown in Table 12a are 

synthesized in a similar fashion from the appropriate inter 
mediate: 

45 

TABLE 12a 

Intermediate Educt Structure of Intermediate 

I-3.1.1 (1 RS)- 
I-2.2 N 

H N a 
N 

1s O O O 

l O F B1 

N 

132 

O 

p-K 
---, 
R2 

N 

Suá 
O E. 

F 

Example 3 

mz rt LC-MS 

IM+ H+ (min) method 

S14 0.90 VO11 SO1 
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TABLE 12a-continued 

mz rt LC-MS 

IM+ H+ (min) method Structure of Intermediate Intermediate Educt 

432 1.05 VO18 SO1 I-3.1.2 I-2.2 

I-31.3 I-2.2 S14 0.95 Z011, SO3 

I-31.5 I-2.1 450 0.67 VO11 SO1 
O (Boronacid) 

During the synthesis of intermediate I-3.1.2, I-3.1.4 and 
I-3.1.5 instead of R35.5.5',5'-Tetramethyl-2,2'bi 1.3.2di- 45 
oxaborinanyl is used. 

During the synthesis of intermediate I-3.1 I-3.1.2 and 
I-3.1.4 also the corresponding boronic acid is isolated as 
shown in Table 12b. Either the boronic ester or boronic acid is 
used for the next steps. 

TABLE 12b 

mz t LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

432 0.88 VO11 SO1 I-3.1.4 I-2.2.3 O 

Sk 

OH 
O 

OH 

Nué 
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TABLE 12b-continued 

Intermediate Educt Structure of Intermediate 

I-3.1.6 I-2.1 
O 

I-31.7 I-2.2 

Step 2: Synthesis of Intermediate I-3.2 
To I-3.1 (295 mg, 0.66 mmol, as boronic acid (I-3.1.6)) in 30 

acetonitrile (4 mL) aq. NaCO-solution (2 M, 663 uL) is 
added. The mixture is purged with argon, R8 (154 mg. 0.72 
mmol) and 1,1'-Bis(diphenylphosphino) ferrocenedichlo 
ropalladium(II) as a complex with dichloromethane (80 mg. 
0.10 mmol) are added. The reaction is stirred at 70° C. for 4 h. 35 
Ethyl acetate is added and the mixture is filtrated. The filtrate 

136 

LC-MS 
method 

mz t 

IM+ H+ (min) 

449 0.42 XO16 SO1 

432 0.56 XO18 SO1 

is washed with water and aq. NaCO solution (10%). The 
organic layer is dried over MgSO and concentrated. The 
residue is purified by flash chromatography (DCM/metha 
nol=97/3). Yield 53%. 
The following intermediates as shown in Table 13 are syn 

thesized in a similar fashion from the appropriate intermedi 
ate ((R.S)=1:1 mixture of stereoisomers at the carbon adja 
cent to the nitrile group): 

TABLE 13 

Inter- mz rt LC-MS 

mediate Educt Structure of Intermediate M + H+ (min) method 

I-3.2.1 I-3.1 551 1.08 VO11 SO1 
O 

H 
N 

N NH 

ls O 
O O / 

-N N F 
O 

I-3.2.2 I-3.1.1 52O 1.21 VO11 SO1 

a 
N 

- 
- 

  



Inter 

mediate 

I-32.5 

I-32.6 

I-32.8 

I-32.10 

I-3.2.11 

Educt 

I-3.1 

(1S)-I-3.1.1 

I-3.1 

(1S)-I-3.1.1 

I-3.1.1 

137 
US 8,987,249 B2 

TABLE 13-continued 

Structure of Intermediate 

138 

rt LC-MS 

M + H+ (min) method 

n.d. 

447. 
491, 
547 

n.d. 

519 

n.d. 

n.d. n.d. 

1.18 VO11 SO1 

n.d. n.d. 

1.11 VO11 SO1 

n.d. n.d. 
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TABLE 13-continued 

Inter- mz rt LC-MS 

mediate Educt Structure of Intermediate M + H+ (min) method 

I-32.12 I-3.1.1 n.d. n.d. n.d. 

N H N a 
N 

-N O 
O O 

Nulls 4N 

I-32.13 I-3.1.1 n.d. n.d. n.d. 

N H N 2 
N 

O 
O O 

-N F rs 
N 2 
NN C 

I-32.15 I-3.1 n.d. n.d. n.d. 
O 

H 

N NH2 

-N O E. 
O O 

-N F 
O 

4. 
/NN 
O N N N 

I-32.16 I-3.1 n.d. n.d. 
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TABLE 13-continued 

Inter- mz rt LC-MS 

mediate Educt Structure of Intermediate M + H+ (min) method 

I-3:240 I-31.3 O 40S 0.74 004 CA05 
(M+ 
H 

BOC)+ 

I-3.2.41 I-31.3 40S 0.67 004 CA05 
(M+ 
H 

I-3.2.42 I-31.3 O 40S 0.77 004 CA05 
(M+ 
H 

BOC)+ 

I-32.43 I-31.3 O 382 0.72 004 CA05 
(M+ 
H 

BOC)+ 

  

  



Inter 
mediate 

I-3.2.44 

I-32.45 

I-3.2.46 

I-32.47 

I-32.48 

Educt 

I-31.3 

I-31.3 

I-31.3 

I-31.3 

I-31.3 

145 
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TABLE 13-continued 

Structure of Intermediate 

O 

Nué F 

146 

mz rt LC-MS 

M + H+ (min) method 

394 0.70 004 CA05 
(M+ 
H 

BOC)+ 

411 0.88 004 CA05 
(M+ 
H 

BOC)+ 

397 0.68 004 CA05 
(M+ 
H 

BOC)+ 

379 0.85 004 CA05 
(M+ 
H 

BOC)+ 

442 0.92 004 CA05 
(M+ 
H 

BOC)+ 

  

  

  



Inter 

mediate 

I-32.49 

I-3-251 

I-3.252 

Educt 

I-31.3 

I-31.3 

I-31.3 

I-31.3 

147 
US 8,987,249 B2 

TABLE 13-continued 

Structure of Intermediate 

148 

rt LC-MS 

M + H+ (min) method 

442 

(M+ 
H 

BOC)+ 

412 

H 
BOC)+ 

611 

613 

0.94 004 CA05 

0.84 004 CA05 

n.d. n.d. 

1.24 VO12 SO1 
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TABLE 13-continued 

Inter- mz rt LC-MS 

mediate Educt Structure of Intermediate M + H+ (min) method 

I-32.53 I-31.3 O 466 0.91 ZO18 SO4 
(M+ 

N H H 

Rué BOC)+ F 

N 

I-32.54 I-31.3 647 n.d. n.d. 

N H Rua N 

1s O E 
O O 

-N F 
O 

4. 
WNN 
O 

F 

F 

O 568 1.23 VO11 SO1 I-32.SS I-3.1.2 

C 

622 1.24 VO11 SO1 I-32.56 I-3.1.2 
  



Inter 
mediate 

I-32.57 

I-32.58 

I-32.59 

I-32.60 

Educt 

I-3.1.2 

I-3.1.2 

I-3.1.2 

I-3.1.2 

151 
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TABLE 13-continued 

Structure of Intermediate 

152 

rt LC-MS 

M + H+ (min) method 

547 

494 

494 

552 

0.76 XO11, SO3 

0.57 XO11, SO3 

0.56 XO11, SO3 

0.58 XO11, SO3 
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TABLE 13-continued 

Inter- mz rt LC-MS 

mediate Educt Structure of Intermediate M + H+ (min) method 

I-32.65 I-31.3 O 466 0.91 ZO18 SO4 
(M+ 
H 

BOC)+ 

I-32.66 I-31.3 525 0.93 Z011, SO3 
(M+ 
H 

I-32.67 I-31.7 O 538 0.83 XO18 SO1 

I-32.68 I-31.7 526 1.11 VO11 SO1 
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TABLE 13-continued 

mz rt LC-MS Inter 

M + H+ (min) method mediate Educt Structure of Intermediate 

S86 1.29 VO11 SO1 I-32.69 I-31.7 

640 1.31 VO11 SO1 I-32.70 I-31.7 

I-32.71 I-31.7 604 n.d. n.d. 

N H 

Rué / 
N i N 

6 5 N 
O O 

N 
F 

O 

I-32.72 I-31.7 n.d. n.d. n.d. 

N H Rué N N 
O 

O O 
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TABLE 13-continued 

Inter- mz rt LC-MS 

M + H+ (min) method mediate Educt Structure of Intermediate 

I-3:2.73 I-31.7 590 1.03 ZO11, SO3 

I-32.74 I-3.1 529 0.48 XO12 SO2 

I-32.75 I-3.1 543 1.04 VO11 SO1 

I-32.76 I-3.1 543 1.02 VO11 SO1 

  

  





Inter 

mediate 

I-32.81 

I-32.82 

I-32.83 

I-32.84 I-31.7 

H 2 N 2 

ls O E 

163 

Educt 

I-3.1.6 

I-3.1.6 

I-3.1.1 

O 

-N 
O 

US 8,987,249 B2 

TABLE 13-continued 

Structure of Intermediate 

164 

rt LC-MS 

M + H+ (min) method 

557 

577 

644 

640 

1.05 VO11 SO1 

0.50 XO18 SO2 

0.53 XO12 SO1 

0.53 XO12 SO1 



Inter 

mediate 

I-32.85 

I-3286 

I-32.87 

I-3.288 

Educt 

I-31.7 

I-31.7 

I-31.7 

I-3.1.2 

165 
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TABLE 13-continued 

Structure of Intermediate 

166 

rt LC-MS 

M + H+ (min) method 

551 

544 

n.d. 

533 

0.59 XO11, SO3 

0.60 XO12 SO2 

n.d. n.d. 

1.08 VO11 SO1 
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TABLE 13-continued 

Inter- mz rt LC-MS 
mediate Educt Structure of Intermediate M + H+ (min) method 

O 563 1.29 VO11 SO1 
O 

I-32.90 I-3.1.6 

H 
N 

NH2 

n.d. n.d. n.d. I-3291 I-31.7 

Intermediate I-3.2.64 is separated according to method 
chiral SFC A to give the following intermediates as shown in 
Table 13.1 

TABLE 13.1 

mz rt 
Intermediate Educt Structure M + H+ (min) LC-MS method 

O n.d. 3.828 IADH 15 MEOH DEA.M 

O 

I-3.2.64.1 I 
3.264 

N H Rua F 
N 

O 

O 

F. 
=N 

I ADH 15 MEOH DEA.M n.d. 4.631 O I-3.2.64.2 I 
3.264 

N 
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Intermediate I-3.2.74, I-3.2.75, I-3.2.81, I-3.2.82, I-3.2.89, -continued 
I-3.2.90, I-3.2.113, is further processed via hydrogenation O 
before the BOC group is removed (step 4) Nulls 

5 N i NH2 

ls O O 

O 
H 10 

Nulls N 
N NH2 r 
ls O 

I-3.2.1.30 O O 

-- is 
21 To I-32.74 (210 mg 0.33 mmol) in methanol (10 mL) 

Pd/C (10%, 90 mg) is added. The reaction mixture is stirred at 
50° C. under hydrogen (50 psi) for 6 h. Then the mixture is 
filtered and concentrated. The crude product is carried on 

N 

r with step 4. Yield 85%, m/z 531 M+H+, rt 0.48 min, LC-MS 
20 Method X012 S02. 

In analogy the following intermediates as shown in Table I-32.74 

17 are prepared. 
TABLE 17 

LC-MS 

method 

mz rt 

IM+ H+ (min) Educt Structure of Intermediate 

0.98 VO11 SO1 

Intermediate 

545 I-32.122 I- O 
32.75 O 

H 
N 

NH2 

O 

w Sk F ..Y 
Nu 

I-32.123 I- O 545 1.03 VO11 SO1 
32.75 O 

Nulls N 
NH2 

O 

^, s 
Sk F 8. w No 

Nu 
I-3.2.124 I- O 559 0.62 XO11, SO3 

3.281 

NH, 
O c 

F 



Intermediate 

I-32.125 

I-3.2126 

I-32.127 

I-32.128 

I-3-2-129 

171 

Educt Structure of Intermediate 
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TABLE 17-continued 

I- O 
3.282 O 

Rul N 
NH2 

NY 
O 

k F NH 

I- O 
3.289 O 

Rul N 
NH2 

NY 
O 

k N 

N 
H 

I- O 
3.290 O 

Rul N 
NH2 

NY 
O 

k F NH 

I- O 
3.21.13 O 

Rul N 
NH2 

N" 
O DO N1 

F N 

I- O 
3.21.13 O 

F 

172 

mz rt LC-MS 

IM+ H+ (min) method 

489 0.44 XO18 SO2 

S16 1.02 VO11 SO1 

475 0.41 XO18 SO2 

530 1.12 VO11 SO1 

530 1.00 VO11 SO1 
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Intermediate I-3.2.91 is further processed in the following 
O way: 

Nulls N 
NH2 

N O 

Y -as 
O 

10 Sk F NH 

I-3.2.125 

15 

I-3.2.91 H 
N 

NH2 2O 

O O 
25 k F N 

I-3.2.132 

30 
To I-3.2.125 (130 mg, 0.266 mmol) in dichlormethane is 

added 3-oxotetrahydrofuran (27.49 mg, 0.319 mmol) and 
glacial acetic acid (15.22 LL, 0.266 mmol) and stirred for 45 
min at r.t. Sodium triacetoxyborohydride (83.1 mg, 0.372 I-3.2.131 

35 mmol) is added and the reaction mixture is stirred at r,t. 
overnight. 

To I-3291 (200 mg, 0.28 mmol) in ACN (3 mL) is added The reaction mixture is diluted with dichlormethane and 
p-toluene Sulfonic acid monohydrate (79.67 mg, 0.42 mmol) sat. NaHCO. The organic layer is separated, dried and con 
and stirred at r,t. for 2.5h. The reaction mixture is diluted with centrated. The crude product is used for the next step without 
TEA, filtered and purified by reversed phase HPLC. " further purification. 

Yield 68% Yield 99%, m/z 559 M+H+, rt 0.44 min, LC-MS Method 
XO18 S02. Intermediate I-3.2.125, I-3.2.126, I-3.2.129 and I-3.2.131 

is further processed via reductive amination before the BOC In analogy the following intermediates as shown in Table 
group is removed (step 4) 18 are prepared. 

TABLE 1.8 

mz rt LC-MS 
Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-3.2.133, I-3.2.126, O S86 0.50 XO12 SO2 

- 

is so 
3. 

N O 

  

  



US 8,987,249 B2 
175 176 

TABLE 18-continued 

mz t LC-MS 
Intermediate Educt Structure of Intermediate M + H+ (min) method 

I-3-2-134 I-3.2126 O 530 1.14 VO11 SO1 

ul H 
N 

NH2 
O 

SkN O F N 

I-3.2.13S I-32.129 O S86 1.09 VO11 SO1 

H 
N 

NH2 

Oc 
I-32.136 I-32.131 n.d. n.d. n.d. 

N H Rua 
1. F O 

1. O 

The reaction time for I-3.2.133 and I-3.2.135 is 30 min at -continued 
rt. and for I-3.2.1342 hat r,t. and for I-3.2.136 1 h at r,t. 

Intermediate I-3.2.136 is deprotected (see example 359) 50 
and further processes via hydrogenation to give example 358: 

N 

55 

N 

60 
Example 358 

To example 359 (20 mg, 0.047 mmol) in methanol (3 mL) 
as Pd/C (10%, 5 mg) is added. The reaction mixture is stirred at 

Example 359 r.t. under hydrogen (50 psi) for 10 min. Then the mixture is 
filtered and concentrated. The crude product is purified by 
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reversed phase HPLC to give example 358. Yield 35%, m/z. To I-3.2.127 (71 mg, 0.15 mmol) in DMF (2 mL) is added 
425 M+H+, rt 0.715 min, LC-MS Method Z012 SO4. 2-bromoethyl methyl ether (29.53 uL, 0.31 mmol) and potas 

Intermediate I-3.2.127 is further processed via alkylation sium carbonate (41.36, 0.266 mmol) and stirred overnight at 
before the BOC group is removed (step 4) s rt. The reaction mixture is diluted with dichlormethane and 

O water. The organic layer is separated, dried and concentrated. 
O The crude product is purified by reversed phase HPLC. Yield 

Null 40%, m/z 533 M+H+, rt 1.05 min, LC-MS Method 
NH2 to V011 S01. N O 

Y Her 
O 

F Sk NH Step 3: Synthesis of Intermediate I-3.3 

I-3.2.127 

O 

H O 2O To I-3.2 (187 mg, 0.35 mmol) in DCM (12 mL) R2 (182 
Nulls mg, 0.77 mmol) is added. The reaction mixture is stirred for 

N O NH2 12 h, concentrated, dissolved in ethyl acetate and extracted 
E with 0.1M HCl and water. The organic layer is dried over 

O MgSO, and concentrated. Yield 86%. 

k . 
N \ O 

\ The following intermediates as shown in Table 19 are syn 
thesized in a similar fashion from the appropriate intermedi I-3.2.1.37 

ate: 

TABLE 19 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-33.1 I-3.2.1 533 1.21 VO11 SO1 

N H Rué N 

O E 

O O 

-N N F 
O 

I-33.3 I-32.5 n.d. n.d. n.d. 
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TABLE 19-continued 

mz rt LC-MS 

Educt Structure of Intermediate IM+ H+ (min) method Intermediate 

I-3.3.4 I-32.8 n.d. n.d. n.d. 

N 
H p-( N 

7( O O Y =N 

F ( ) 

O O 

I-33.5 I-32.15 626 n.d. n.d. 

N H Rua N 

-N O E 
O O 

-N F 
O 

4. 
/NN 

N N N 
I-33.6 I-32.16 n.d. n.d. n.d. 

N H Rué N 

ls O E. 
O O 

-N F O 

O 

I-33.7 I-32.17 n.d. n.d. n.d. 

N H Rua N 

ls O E. 
O O 

O 

-N F O 
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TABLE 19-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-33.8 I- 513 0.55 VO11 SO2 
3.2.130 N 

H Suá N 

1s O E. 
O O 

As F 

N. 
O 525 1.17 VO11 SO1 I-33.9 I-32.75 

525 1.15 V011 SO1 I-33.10 I-32.76 

527 1.15 VO11 SO1 I-33.11 I 
3.2122 

527 1.12 VO11 SO1 I-33.12 I 
3.2.123 
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TABLE 19-continued 

Intermediate Educt Structure of Intermediate 

I-33.13 I-3.2.78 

N H Suá N 

-N O E. 

F 

I-33.14 I 
3.2124 N 

H Rua N 

ls O E. 

F 

N 

I-3.3.15; I- O 
3.2.132 

N H Rué 

O 

I-3316 I 
3.2.133 

184 

mz rt LC-MS 

IM+ H+ (min) method 

496 0.54 XO12 SO2 

S41 0.49 XO18 SO2 

568 1.22 VO11 SO1 



US 8,987,249 B2 
185 186 

TABLE 19-continued 

mz rt LC-MS 

Intermediate Educt Structure of Intermediate IM+ H+ (min) method 

I-3.3.17 I- O 512 1.26 VO11 SO1 
3.2.134 

y 

515 1.17 VO11 SO1 I-3.3.18 I- O 
3.2.1.37 

N H Rua 

O 

k F 
\ 

V 

I-33.19 I- O 512 1.25 VO11 SO1 
3.2.128 

NY 
O N1 

F N 

I-33.20 I- O 568 1.23 VO11 SO1 
3.2.13S 
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Step 4: Synthesis of Example 3 

To I-3.3 (155 mg, 0.30 mmol) in acetonitrile, sodium 
iodide (134 mg. 0.89 mmol) and chlorotrimethylsilane (114 
ul, 0.89 mmol) are added. The mixture is stirred for 2 h, then 
methanol is added, stirred for additional 30 min and then 
concentrated. The residue is purified by reversed phase 
HPLC. Yield 62%, m/z 420 M+H+, rt 0.41 min, LC-MS 
Method XO16 S01. 

Method A2.2 

Synthesis of (1S,2S.4R) N-(1S)-1-cyano-2-2- 
fluoro-4-(4-phenylpiperazin-1-yl)phenylethyl-3- 

aZabicyclo2.2.1]heptane-2-carboxamide 

Example 32 

O 

Null N 
N NH2 

-N O E N 

O 

h R112 

I-3.1.2 

Intermediate Educt Structure of Intermediates 

I-32.7 I-3.1.2 O 

5 

10 

15 

25 

30 

35 

40 

45 

188 
-continued 

I-3.2.4 

NH 

Step 1: Synthesis of Intermediate I-3.2.4 

To I-3.1.2 (150 mg, 0.30 mmol) in DCM (6 mL), triethy 
lamine (85uL, 0.61 mmol). R112 (55.22 mg, 0.34 mmol) and 
copper(II)acetate (85 mg, 0.47 mmol) are added. The mixture 
is stirred for 72 hat r.t. 7 Mammonium solution in methanol 

is added, the mixture is concentrated. The residue dissolved in 
acetonitrile and filtrated. The product is purified by reversed 
phase HPLC. Yield 54%, m/z 548 M+H+, rt 1.37 min, 
LC-MS Method V011 S01. 

The following intermediates as shown in Table 14 are syn 
thesized in a similar fashion from the appropriate intermedi 
ate 

TABLE 1.4 

mz LC-MS 
IM+ H+ rt (min) method 

528 1.10 VO11 SO1 

  

  

  



Intermediate 

I-329 

I-3.2.14 

I-32.19 

I-32.2O 

I-3222 

189 

Educt Structure of Intermediates 

I-3.1.2 O 

US 8,987,249 B2 

TABLE 14-continued 

I-3.1.2 

I-3.1.2 O 

I-3.1.2 O 

I-3.1.2 O 

190 

mz 

M + H+ rt (min) 

550 1.11 

556 1.20 

544 122 

3S4 1.20 

(M+H - 
BOC)+ 

530 1.13 

LC-MS 

method 

VO11 SO1 

VO11 SO1 

V011 SO1 

VO11 SO1 

VO11 SO1 

  

  

  

  



Intermediate 

I-3.2.24 

I-32.25 

I-32.26 

(forms 
together with 
I-3.2.27) 

I-32.27 
(forms 
together with 
I-3.2.26) 

I-3.2.28: 

Educt Structure of Intermediates 

I-3.1.2 

I-3.1.2 

I-3.1.2 

I-3.1.2 

I-3.1.2 

191 

O 
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TABLE 14-continued 

192 

mz LC-MS 

M + H+ rt (min) method 

512 1.28 VO11 SO1 

500 1.21 VO11 SO1 

S16 1.02 VO11 SO1 

S16 1.02 VO11 SO1 

558 1.25 VO11 SO1 

  



Intermediate 

I-3229 

I-32.30 

I-32.31 

I-3.2.32: 

Educt Structure of Intermediates 

I-3.1.2 

I-3.1.2 

I-3.1.2 

I-3.1.2 

193 

O 

US 8,987,249 B2 

TABLE 14-continued 

194 

mz LC-MS 

M + H+ rt (min) method 

500 1.21 VO11 SO1 

556 1.13 VO11 SO1 

499 1.49 VO11 SO1 

S14 1.21 VO11 SO1 

  

  

  



Intermediate 

I-32.33 

I-32.34 

I-32.35 

I-32.92 

I-3.2.93; 

195 

Educt Structure of Intermediates 

I-3.1.2 

I-3.1.2 

I-3.1.2 

I-3.1.2 

I-3.1.2 

US 8,987,249 B2 

TABLE 14-continued 

196 

mz LC-MS 

M + H+ rt (min) method 

471 1.39 VO11 SO1 

472 1.36 VO11 SO1 

473 1.17 VO11 SO11 

n.d. 0.67 XO11, SO3 

S4O 1.09 VO11 SO1 

  


















































































































































































































































































































































































